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Synopsis 
Drought can be defined by Cambridge Dictionary as long period with little or no 
rain. Australia is the seventh largest wheat producer in the world, but it is the driest 
inhabited continent from the viewpoint of continental rainfall and streamflow. So, 
genetic improvement through crossing high-yielding cultivars of bread wheat with 
cultivated emmer wheats (had gone through early screening), subsequently 
backcrossing with bread wheat to increase bread wheat characteristics and producing 
doubled haploid (DH) from BC1F1 is one possible solution for increasing the yield 
stability of wheat in drought prone areas. The key point of this research study was to 
evaluate physiological and agronomic traits among the DH lines in optimum conditions 
for them to fully express their highest potential in 2013. Subsequently, selection was 
made among the DH lines for two years of trials under irrigated and rainfed conditions 
(to mimic drought) in 2014-2015 to evaluate genotypes that use water efficiently under 
drought stress. The relationship of physiology, phenology, and yield components in 
high water use efficiency genotypes revealed aspects of adaptation in northwestern 
NSW. The comparisons of bread wheat parents and their respective progenies (DH 
lines) were explored and diverse responses to soil water stress were observed. Biplot 
genotype main effect plus genotype by environment interaction (G+GE) of the multi-
environment trials (METs) identified ideal genotypes that are stable cultivars across 
environment. These findings were also strengthened with GWAS analysis that revealed 
marker trait associations (MTAs) in water deficit conditions and were not observed 
under the irrigated environments. Such lines would allow farmers to maintain income 
during drought years, as well as increase their income during wet years. The outcomes 
from this study should be worthwhile to the wheat industries in Australia and India, as 
some of domesticated bread wheat parents used were commercial cultivars in India.  
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CHAPTER 1 
Introduction 
Strategies to improve the drought tolerance of wheat are critical for effective 
wheat improvement. The development of higher-yielding crops under water-limited 
conditions is part of the solution to stabilizing and increasing wheat production under 
current and future climatic conditions. However the inheritance of drought response is 
complex in wheat and is greatly affected by the environment. Cultivars currently grown 
by farmers are in harmony with the local environment and management as they were 
generally selected empirically under the prevailing local conditions (Farooq, 2009). 
Nevertheless, new sources of genetic variation for drought response are required if 
progress in drought tolerance breeding is to continue. The gene pool of cultivated 
emmer wheat (Triticum dicoccon Schrank) (2n=4x=28 chromosomes, AABB genomes) 
possesses valuable traits, resistance to pests and diseases, and tolerances to abiotic 
stresses. This gene pool is increasingly being used as a reservoir of new genes in wheat 
breeding (Zaharieva et al., 2010). Emmer can be crossed with Aegilops tauchii, the 
donor of D-genome in bread wheat, to produce new hexaploid synthetic wheats. 
Synthetic backcross derived lines have shown higher yield under drought-prone 
conditions in Mexico, Pakistan and Eastern India than similar synthetic-derived lines 
developed using cultivated durum wheat as the tetraploid component (Trethowan and 
Mujeeb-Kazi, 2008). 
Water use efficiency (WUE) is often considered an important determinant of 
yield under moisture stress and even as a component of crop drought resistance (Blum, 
2009). However, understanding the interaction of drought resistance traits with the 
environment is critical if crop production under drought is to be improved (Reynolds 
and Tuberosa, 2008). Water saving agricultural systems can also improve water 
utilization and water use efficiency (Deng et al., 2004). If these more water-use-
efficient practices are combined with genetically improved cultivars with higher yield 
and drought resistance then the productivity in rainfed farming systems can be 
improved. Genotypic variation in grain WUE based on the equation yield divided by 
total water use (WUEGrain = Y/TWU) under limited water moisture. It is more affected by 
variation in the denominator water use (WU) rather than by variation in the nominator 
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(biomass or grain yield) (Blum, 2005). Instruments such as the neutron probe moisture 
meter are reliable, quick and easy to use (Barrada, 1976), and can be used to calculate 
water availability of individual genotypes at different depths in the field (Atta, 2013).  
Selection for high WUE under limited water supply tends to result in a genetic 
shift towards plant traits that limit crop water use, such as early flowering and smaller 
leaf area (Ngugi et al., 1994 and White et al., 1990). Baodi et al. (2008) concluded that 
high leaf WUE under rainfed conditions in wheat could be obtained by selecting for 
high photosynthetic rate, low transpiration rate and low stomatal conductance. Intrinsic 
water use efficiency (WUEintr) is defined as the ratio of photosynthesis to stomatal 
conductance to water, thereby accounting for VPD (leaf to air vapour pressure deficit) 
on transpiration (Seibt et al. 2008). Leaf gas exchange measurement provides accurate 
measurement for WUEintr (photosynthesis/stomatal conductance). Gilbert et al.(2011) 
found that this trait did not interact with leaf temperature and photosynthetic capacity 
differences were maintained under all conditions. This suggests that WUEintr could be 
improved through breeding under a broad spectrum of environments.  
Drought adaptive traits have quantitative inheritance (Reynolds and Tuberosa, 
2008), so that molecular markers linked to quantitative trait loci (QTL) that explain a 
significant portion of the genetic variation of key traits are important for breeding. 
Association mapping or linkage disequilibrium (LD) mapping was used to detect and 
locate QTL based on the strength of correlation between mapped genetic markers and 
traits (Mackay and Powell, 2007). The selection for the QTLs can take place under both 
optimum and stressed conditions, as eliciting a stress response is not necessary for 
marker assisted selection (Lafitte and Edmeades, 1995). However, temporal variability 
of drought-adaptive traits will need to be determined through in-depth analysis of QTL-
by-environment interactions (Boer et al., 2007). 
The main purpose of this study was to identify morphological and physio-
genetic differences among wheat hexaploids with potential introgressions from emmer 
wheats influencing grain yield and water use efficiency under drought stress. The first 
component of this research is a study of the phenotypic response to drought under 
contrasting moisture regimes in northwestern NSW (Narrabri). The second component 
was an in-depth analysis of selected materials and their bread wheat parents for stress 
response. The third and final component was to conduct a genome wide association 
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analysis using 90K single-nucleotide polymorphism (SNP) genotypes of all materials 
and the phenotypic data captured across 3 years at Narrabri to identify genomic regions 
linked to plant stress response and the possible contribution of emmer wheat to this 
response. The detailed aims of this research were:  
1. To determine the physiological basis of yield under stress. 
2. To identify significant marker trait associations (MTAs) with genotype stress 
response. 
3. To identify the impact of phenology and plant height on stress response 
4. To estimate the heritability for water use efficiency, grain yield and the 
physiological traits influencing productivity under stress. 
5. To determine the influence of environment on water use efficiency and other 
plant traits (G x E interactions) 
6. To identify the indirect selection criteria for WUE  
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CHAPTER 2 
Literature Review 
Drought is one of the most significant factors limiting crop yield. Climate 
change is projected to have a significant impact on temperature and precipitation 
profiles, increasing the severity and incidence of drought. Since the mid-1990s, 
southeast Australia has experienced a 15% decline in the late autumn and early winter 
rainfall and a 25% decline in average rainfall in April and May. The average annual 
stream flow into Perth’s dams has already decreased by nearly 80% since the mid-1970s 
(Steffen, 2015). In Australia, wheat is mainly grown under rainfed conditions with low 
and uncertain rainfall, resulting in highly variable annual production (French and 
Schultz, 1984; Christopher et al. 2008). Improving water use efficiency is therefore a 
primary target of researchers, farming systems groups and growers in Australia. The 
rate of genetic advance for yield in such environments has been constrained by large 
genotype by environment interactions (GE), that change the rankings of genotypes from 
site to site and from season to season (Cooper et al. 2001; Richards et al., 2002). To 
overcome this problem, new varieties need to be developed with higher drought 
tolerance. Selections of cultivated emmer wheat (Triticum dicoccon Schrank) that came 
from extreme conditions and with genetic diversity, crossed with improved bread wheat, 
is one strategy to improve WUE. Subsequently double haploid production from these 
crosses would reduce time and speed up the breeding program. 
 Targeting a combination of high yield and enhanced WUE in the doubled 
haploid lines from these crosses was the breeding strategy employed. Reliable 
measurement under field conditions would identify and allow selection of the best 
crosses and emmer parents improving WUE in hexaploid bread wheat under drought 
prone condition. There are many findings on genetic diversity on emmer wheat (Švek et 
al. 2005; Wang et al. 2007; Al Khanjari et al. 2007 and Teklu et al. 2007) but less on 
diversity used to improve hexaploid bread wheat as shown phenotypically in the field. 
Good phenotyping ensures good association during the establishment of phenotype-
genotype associations. Tuberosa (2012) indicates that experiments performed in the 
field and that mimic as closely as possible the drought stress conditions would be most 
relevant and meaningful from biological and agronomic standpoints. This study 
emphasises that well executed “phenotyping” with proved diversity in emmer wheat has 
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improved water use efficiency in hexaploid bread wheat as well as grain protein content 
at water limited conditions. Plus this study aims to identify the genetic basis of WUE 
and associated plant traits under drought prone conditions.  
2.1 Wheat 
The wheat genus Triticum is within the family Poaceae. The ploidy levels range 
from diploid (einkorn) (2n = 2x = 14; AABB), tetraploid (2n = 4x = 28; AABB) to 
hexaploid (2n = 6x = 42; AABBDD). The wheats (Triticum aestivum L. em. Thell. and 
T. turgidum L.) are the world’s leading cereal grains and most important food crop 
(Sleper and Poehlman, 2006). According to FAO (FAO 2015) world wheat production 
for July 2014 to June 2015 was 729.5 million tonnes, thus making it the second highest 
cereal crop production after maize (995 million tonnes). 
2.1.1 Importance of wheat 
Currently about 95 percent of the wheat grown worldwide is hexaploid bread 
wheat, with most of the remaining 5 percent being tetraploid durum wheat (Shewry, 
2009). It is a staple food for 35% of the world’s population (Ogbonnaya et al., 2013). 
Hulled wheats are denotes any wild or cultivated Triticum population with 
nonthreshable grain (Szabó and Hammer, 1996). Einkorn (Triticum monococcum L.), 
emmer wheat (Triticum dicoccum (Schrank) and spelt wheat (Triticum spelta L.) are 
included in the hulled wheats. Small amounts of these hulled wheats are still grown in 
some regions including Spain, Turkey, the Balkans, and the Indian subcontinent 
(Shewry, 2009). Hulled wheats (4 einkorn, 8 emmer wheat, and 7 spelt wheat 
accessions) were found to be valuable for sustainable farming systems and although 
inclined to lodging, were resistant to foliar diseases (e.g. powdery mildew and leaf rust), 
and their grains are characterised by high protein content (up to 18.1%). However the 
grain yield of the hulled wheats is inferior to bread wheat (Konvalina et al. 2012).  
Higher contents of bran are typical in emmer compared to spelt, while spelt is 
characterized by higher values of gluten and SDS (sodium dodecyl sulfate) test values 
(Piergiovanni et al., 1996). Cultivation of emmer wheat now covers only 1% of the total 
wheat area although it can still be considered as an important crop in parts of India, 
Ethiopia, Iran, Eastern Turkey, Transcaucasia, the Volga Basin (ex-Yugoslavia), 
Central Europe, Italy and Spain (Stallknecht et al., 1996). Cultivated emmer (Triticum 
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dicoccon Schrank) contains remarkably high total antioxidant activity, total phenolics, 
ferulic acid and flavonoids in the grain, indicating potential health benefits (Serpen et 
al., 2008).  
 Wheat grain is used to meet consumer demands for bread and other food 
products. Its content of starch, about 60-70% of the whole grain and 65-75% of white 
flour, means that wheat is often considered to be little more than a source of calories. 
Despite its relatively low protein content (usually 8-15%) wheat still provides as much 
protein for global human and livestock nutrition as the whole soybean crop (Shewry, 
2000). Therefore, the nutritional value of wheat proteins should not be underestimated, 
particularly in less developed countries where various breads, noodles and other 
products (i.e. bulgar and couscous) often provide a substantial proportion of the diet 
(Shewry, 2009). Wheat is also one of the major sources of minerals, contributing 44% 
of the daily intake of iron and 25% of the daily intake of zinc in the UK (Henderson et 
al., 2007). It also a source of the micronutrient selenium, where the content of selenium 
in wheat varies widely from about 10 µg kg
-1
 to over 2000 µg kg
-1
 (FAO/WHO, 2001; 
Combs, 2001).  
 Emmer wheat is considered to be healthier than bread wheat food in Ethiopia 
cause it has fewer digestive problem (Tesemma and Belay, 1991). In Ethiopia straw is 
mainly used as livestock feed, and as fuel in times of scarcity, and some may also be 
used as a component of plaster for the construction of local houses. Some medical data 
confirms the nutritional value of emmer wheat (Strehlow et al., 1994; Italiano and De 
Pasquale, 1994) cited in Zaharieva et al. (2010), is mainly due to its high fibre and 
antioxidant concentrations (Piergiovanni et al., 1996), high protein digestibility 
(Hanchinal et al., 2005) and high resistant-starch content and slower carbohydrate in 
vitro digestibility (Mohan and Malleshi, 2006). Buvaneshwari et al. (2005) found 
emmer wheat suitable for diabetes because it has a low glycaemic index, and a high 
satiety value.  
2.1.2 Genetic diversity in emmer wheat (Triticum dicoccon Schrank) Thell. 
Hulled wheat or emmer wheat (Triticum dicoccon Schrank) is a tetraploid 
species (BA- genomes) and one of the earliest domesticated wheat species. It was 
widely cultivated during Antiquity, particularly in Egypt, and until the Bronze age in a 
large number of countries (Zaharieva et al., 2010). The traits of resistance to rusts and 
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powdery mildew as well as tolerance to heat and drought present in emmer wheat can 
be of interest in the context of climate change and suggested for preparation of healthy 
dishes in bio quality (Zaharieva et al., 2010; Konvalina et al., 2010). Whereas, Triticum 
turgidum ssp. dicoccoides, the allo-tetraploid (AABB) or wild emmer wheat, progenitor 
of most tetraploid and hexaploid cultivated wheats and proved offers valuable source of 
diversity including drought resistance (Peng et al., 2003; Saranga et al., 2008; Nevo, 
2014; Merchuk-Ovnat et al., 2016). A wide range of diversity was reported in eight 
agronomic characters but no correlation was found between the diversity and the 
geographical origins of accessions of 91 cultivated emmer wheat accessions from 
different origins (Wang et al. 2007). Teklu et al. (2007) found high genetic diversity in 
materials from Iran, Morocco and Armenia, and lowest in Yemen and Slovakia when 73 
accessions of emmer wheat from 11 geographical regions were evaluated.  
The Indian emmer wheats are not very diverse (Salunkhe et al., 2013), 
suggesting a need to increase the diversity within the eco-geographic groups, or even 
from other wheat species in India. The main reason for this finding is likely to be due 
the diffusion of a smaller number of cultivated emmer wheat that was probably 
introduced into India during the 4
th
 or 3
rd
 millennium BC (Nesbitt and Samuel, 1996). 
Whereas, emmer has originated and has cultivated for longer outside India. Higher yield 
under drought prone conditions in emmer based synthetic backcross derived lines 
compared to durum wheat has been proven in Mexico, Pakistan and Eastern India 
(Trethowan and Mujeeb-Kazi, 2008). Since not much research on drought tolerant 
adaptation on cultivated emmer wheat (Triticum dicoccon Schrank) been reported, high 
genetic diversity in cultivated emmer wheat that been found through SSR markers with 
its adaptability in hot and dry areas became the basic of research background for this 
study (Zaharieva et al., 2009). 
The potential exploitation of A and B genome diversity from emmer to create 
new bread wheat germplasm diversity is based on some background. A major gene 
(Yr15) located on chromosome 1BS of wild emmer wheat showed effective against all 
stripe rust (Puccinia striiformis f.sp. tritici; Pst races) identified so far in the USA 
(Murphy et al., 2009; Chen et al., 2010), Australia (Bariana et al., 2007; Randhawa et 
al., 2014). A promising source of alleles with high grain protein content (GPC) was 
detected at chromosome 6B from wild emmer (Olmos et al., 2003). Peleg et al. (2009) 
found major genomic regions controlling productivity in drought environment and 
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related traits in chromosomes 2B, 4A, 5A and 7B in durum wheat x wild emmer 
recombinant inbred lines (RILs) population, suggesting the involvement of these related 
traits with adaptation to drought stress. Two of the detected quantitative trait loci (QTL) 
were located on chromosome 3B and had a large effect on canopy temperature and 
grain yield, accounting for up to 22% of the variance for these traits. Furthermore the 
locus on chromosome 3BL was detected under heat, drought, and high yield under 
potential environment, but had largest effect under the heat stress conditions (Bennett et 
al., 2012). Quarrie et al. (2005) mapped strongest QTLs for grain yield under drought 
on chromosomes arms 7AL and 7BL. A consistent genomic region associated with 
drought susceptibility index (qDSI.4B.1) was mapped on the short arm of wheat 
chromosome 4B, which also controlled grain yield per plant, harvest index, and root 
biomass under drought (Kadam et al., 2012). This study highlighting the complex 
nature of drought adaptation traits, but consistent genomic associations were located 
only on chromosomes 4B and 7B. 
2.2 Wheat cultivation in Australia 
Wheat has been grown in Australia for more than 200 years, with sowing 
starting in autumn, and harvesting in late spring and summer. Australia is the seventh 
largest wheat producer in the world and the fourth largest exporter. Over 70% of 
Australia wheat production is exported, with Western Australia the lead exporting state 
(USDA, 2015). Average production wheat in Australia is 21 million tonnes over the 
period between 2002-03 and 2012 -13 (Nguyen et al., 2015). Since 1960, increases in 
production have mainly come from improvements in plant genetics, advances in farm 
technologies and consolidation of businesses into large more efficient farms (Sheng et 
al. 2011; Nossal et al. 2009). Wheat production is highly variable varying from 10 to 25 
million metric tonnes in one year (figure 2.1). Hochman et al. (2017) reveal that yield 
potential of wheat in Australia for water-limited areas has declined by 27% over a 26 
year period or 1.1% per year since 1990, concurrent with falling in-crop rainfall and 
rising daily maximum temperatures averaged for the in-crop periods over 50 weather 
stations. Clearly drought was the major cause of this variability and accounts for stalled 
wheat yields in Australia. Relative to some other countries, yields in Australia have 
grown slowly, particularly in recent periods while the area planted has increased slowly 
since 1988/89. Average yield at both points in time were about 1.6 tonnes per hectare 
(GRDC, 2011). Most Australian wheat is sold overseas with Western Australian the 
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largest exporting state (DAWR, 2015). Asian and Middle East regions including 
Indonesia, Japan, South Korea, Malaysia, Vietnam and Sudan were the major markets 
importing wheat from Australia.  
 
Fig. 2. 1: Australian wheat production and area planted (GRDC, 2011) 
2.3 GGE biplot analysis 
Multiple environment trials (METs) are generally carried out by plant breeders 
to select and recommend high yielding and stable genotypes for a set of environments 
(Agyeman et al., 2015). Genotype-by-environment interactions often cause difficulties 
in the interpretation of results and reduce efficiency in selecting the best genotypes in 
analysing the METs data. Therefore, GGE biplot is a graphical tool which displays, 
interprets and explores two important sources of variation, namely genotype main effect 
and GE interaction of METs data (Fan et al., 2007; Yan et al., 2000; Yan and Hunt 
2002). It is effective method that based on principal component analysis (PCA) to fully 
explore multi-environment trials (METs). Unlike conventional approaches, which allow 
calculation of probability for a particular hypothesis, the GGE biplot approach does not 
have a measure of uncertainty. Therefore, the GGE biplot is better used as a hypothesis-
generator rather than as a decision maker and hypotheses based on biplots should be 
tested using conventional statistical methods (Yan and Hunt 2002). Principal component 
analysis showed the effective method to grouping the genotypes and determine 
important traits in white bean (Phaseolus vulgaris) selection (Koij and Saba, 2015) and 
validated with cluster analysis. To understand the contributions of cultivated emmer 
wheat in hexaploid bread wheat, selection based on physiological, agronomic and 
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phenological traits were assessed and PCA were built to better perceive the distinctive 
features of the doubled haploid lines and bread parents.  
2.4 Drought 
Optimum productivity requires adequate soil moisture for proper growth and 
development of crop plants. Unfortunately, some of the factors include depletion of 
underground water, global warming, and erratic rainfall patterns leading to scarcity of 
water in agro-ecosystems worldwide, particularly in the semiarid, subtropical and 
tropical drylands (Baltas et al. 2010). Approximately 64% of the world’s soils are 
located in deserts or in areas with limited water availability and 57% of the potentially 
arable area is located in soils for dry-land crops (FAO, 2000). Therefore, yields in all 
arable regions are reduced periodically by drought effects, and climate change will 
increase this phenomenon (Le Houerou, 1996). Plant responses to water scarcity are 
complex, involving adaptive changes and/or deleterious effects. These responses can be 
synergistically or antagonistically modified by the superimposition of other stresses 
under field conditions. This complexity is well illustrated in Mediterranean-type 
ecosystems where plants with predominant drought-avoidance strategies (e.g. deep-
rooted perennials) or winter/spring annuals, which die when they run out of water, 
coexist with drought-tolerant sclerophylls (Chaves et al., 2002). 
Australia is overall the driest inhabited continent from the viewpoint of 
continental rainfall and streamflow (DFAT, 2014). Drought can be defined in a variety 
of different ways. In terms of its links to climate change, drought is best defined as 
meteorological drought, which is a prolonged, abnormally dry period when the amount 
of available water is insufficient to meet our normal use and is generally measured by 
assessing rainfall deficiencies over three or more months (BoM 2014c). At certain 
periods in Australia wheat is highly affected by drought conditions (2002-03, 2006-07 
and 2007-08) and Australia wheat production achieved less than 15 million tonnes, 
during the “Millennium Drought” (1996-2010), one of the worst droughts on record for 
Australia, with devastating impacts (van Dijk et al., 2013). Other than these years, there 
have been many serious droughts in Australia in the last 200 years. From 1895 to 1903 
drought lasted eight years and caused the death of half of Australia’s sheep and 40% of 
its cattle. The World War II drought was from 1939 to 1945, which contributed to 
plummeting wheat yields and disastrous bushfires (BoM 2014a; 2014b).  
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Australia is also listed in seven most affected by soil constraints due to salinity 
and sodicity (Figure 2.2, FAO, 2000). Van der Zee et al. (2010) demonstrated that 
periodic drought would cause changes in sodicity in the soil. Sodicity and salinity can 
be major problems in some Australian farming situations. When dry, dispersive soil 
tends to be too hard for roots to penetrate. Soil sodicity development is a process that 
depends nonlinearly on both salt concentration and composition of soil water. In 
particular in hot climates, soil water composition is subject to temporal variation due to 
dry–wet cycles (Van der Zee et al., 2010).  
 
Fig. 2. 2: Countries most affected by soil constraints: salinity and sodicity (FAO, 2000) 
2.5 Plant adaptation to drought 
Genetic improvement by introgression of genes and genomic regions for drought 
tolerance into high-yielding cultivars has been one of the most promising and 
economically viable solutions for increasing yield stability of crops in these regions 
(Blum, 1988; Nevo and Chen, 2010). Drought tolerance is a complex trait comprising of 
a number of physio-biochemical processes at the cellular and organism levels at 
different stages of the plant development. Responses to drought stress are extremely 
different according to the genetic background. In fact, inter- and intra-species variations 
in drought resistance are known. There are various strategies for plants adapting to 
drought stress, including enhanced water uptake by developing large and deep root 
systems, reduced water loss by increasing stomatal resistance and adaptation to water 
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shortage by accumulation of cellular osmolytes (Rampino et al., 2006). Some of the 
plants adaption strategies and their mechanisms were described below: 
2.5.1 Keeping the water balance right 
Relative water content (RWC) is an indicator to measure dehydration resistance. 
The metabolic activity in leaf tissues can be evaluated by measuring RWC as an 
integrated measure of plant water status (Flower and Ludlow, 1986). Dehydration 
tolerance studies in crop plants reveal that  genotypic variation in plant recovery from 
dehydration is positively associated with relative water content retained during 
desiccation (Blum, 2005). In cereals it has been demonstrated that resistance to drought 
is a complex character and a quantitative trait and RWC is relevant tool for screening 
for drought tolerance (Teulat et al., 2003). It also gives an idea at a specific time point 
of the level of water deficit, as well as being used as the first information about the 
response to drought. Shoot growth has demonstrated more severe effects to water deficit 
than root growth (Sharp and Davies, 1989; Saab et al., 1990). Therefore, the 
mechanisms underlying the sustained root growth under water stress include abscisic 
acid (ABA) manipulation (Saab et al., 1992) has been validated as a key player for this 
process. Hsiao and Xu (2000) found osmotic adjustment (ᴪ) occurs rapidly when water 
potential in roots is suddenly reduced and explained the mechanism of this process 
through biophysical analysis. 
 The ability to extract water from deeper soil layers is a strategy to maintain 
higher water influx and photosynthesis rates in drought conditions. As observed in two 
evergreen oak species, significant higher pre-dawn leaf water potentials in Q. ilex ssp. 
rotundifolia (-1.52 Mpa) than the other species Q. suber (-2.38 MPa), but significantly 
less depressed in midday gas exchange under hot summer temperatures (Faria et al., 
1998). The transpiration demand of the plant in water stress conditions could be met by 
the roots that reach deep into the subsoil (Blum, 2005; Kirkegaard et al., 2007). 
Therefore the root system plays an important role in controlling the leaf water potential. 
Generally, plants use water efficiently from the subsoil during late crop development 
when evaporation is reduced and assimilation is allocated directly to the grain (Angus 
and van Herwaarden, 2001).   
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2.5.2 Avoidance to drought 
Flowering and seed production are two important milestones in the life cycle of 
a plant, and they are controlled by a variety of environmental cues (Ji et al., 2010). 
Water deficit can cause reproductive failure. Drought stress at early stages of 
reproductive development (meiosis in pollen mother cells) induces pollen sterility, 
leading to lower grain numbers (Ji et al., 2010). Pollen abortion occurs as a result of 
loss of contact between the young pollen grains and tapetum, degeneration of anther 
filament and decreased starch accumulation in anthers and pollen grains (Saini et al., 
1984; Ji et al. 2010). A short duration of drought stress at the meiotic stage may cause 
pollen and ovary abortion, leading to decreased seed set (Ji et al. 2010). The effect on 
anthers and pollen fertility is irreversible and was the main cause of grain loss during 
drought conditions in wheat. To avoid this, some plants exhibit phenological drought 
avoidance, meaning that they flower and produce seed before water supplies are 
exhausted.  
Brassica rapa avoids drought through early flowering (Franks, 2011) 
subsequently shortening the growing season. This adaptive response to water deficit is 
also well-known in cereals (Palta et al., 1994; Gebbing and Schnyder, 1999). For 
example, earlier flowering, thereby avoiding stress, gives a yield advantage in wheat 
due to the Ppd1 allele (Worland, 1996; Zheng et al., 2013). Besides accelerating ear 
emergence, Ppd1 allele also reduces plant height, tillering, and spikelet numbers as 
pleiotropic effects of the Ppd1 allele, so that in southern Europe, early flowering Ppd1 
genotypes produce larger grain and greater yields (Worland et al., 1998).  
2.6 Water use efficiency 
Water use efficiency (WUE) can be refer to two definitions, one is integrated 
WUE which is the ratio of grain yield (WUEGrain) or biomass (WUEB) to water used 
during crop growth. Integrated WUE is the ratio of carbon dry matter gained per unit 
water lost (kg/ha)/(mm) and is measured over a prolonged period. The second definition 
is gas exchange WUE or WUE in leaf level which that can be divided into two category 
of intrinsic water use efficiency (WUEintr) and instantaneous WUE. Instantaneous water 
use efficiency (WUEi) can be expressed as the ratio of net CO2 assimilation rate to 
water vapour or transpiration (mmol H2O m
-2
s
-1
), that is, the diffusion rate of water 
vapour through the stomatal pore (Jones, 2004). Farquhar et al. (1989) and Tambussi et 
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al. (2007) suggested intrinsic WUE is the ratio between A (photosynthesis) and stomatal 
conductance (gs) (i.e. A/gs). Resistances to water movement including stomatal, 
cuticular, and boundary layer resistances (Farquhar and Sharkey, 1982) may influence 
WUE.  
High WUE in low water availability occurs while stomatal conductance is lower 
than the potential maximum for a genotype (Thompson et al., 2007). It should be 
possible to improve WUE by reducing water use through the mechanisms that regulate 
or determine stomatal conductance to water vapour, which involves stomatal number 
(density), stomatal aperture, the cuticle, and the boundary layer (Yoo et al., 2009). The 
amelioration of WUEintr by the increase of photosynthetic rate is only feasible if 
changes (increments) in stomatal conductance are not implicated (Tambussi et al., 
2007). A physiological understanding of wheat growth and water use in Australian 
water-limited environments has highlighted specific traits that should contribute to 
increased water use efficiency and therefore greater wheat productivity (Rebetzke and 
Richards, 1999). 
 
Fig. 2. 3: The several definitions of water use efficiency (WUE). A, net photosynthetic 
rate expressed as µmol CO2 m
-2
 s
-1
; E, transpiration rate expressed as mmol H2O m
-2
 s
-1
; 
∆13C, carbon isotope discrimination. Adapted from Tambussi et al. (2007) 
2.6.1 Gas exchange and water use efficiency 
Natural variation in plant WUE is often negatively correlated with transpiration, 
but not with CO2 assimilation, suggesting plants have physiological mechanisms for 
improving WUE by reducing transpiration that are under genetic control (Yoo et al, 
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2009). Therefore, improving WUE can be achieved by introgression of genetic 
determinants that regulate the physiological mechanisms affecting transpiration. 
Anatomical and physiological traits that control daytime and night time transpiration, 
primarily through the stomata were the major mechanisms affecting water loss (Yoo et 
al, 2009) and Munns et al. (2010) proposed that stomatal closure was due to the water 
deficit rather than to a salt specific effect. Many factors involved in the regulation of 
stomatal opening and closing have been identified from genetic approaches (Nilson and 
Assmann, 2007; Sirichandra et al., 2009). Stomatal conductance is altered by the 
opening and closing of stomata, processes which in turn are mediated via changes in the 
tugor status of the adjacent guard cells (Nilson and Assmann, 2007). As guard cells 
integrate and respond to a number of signals, they have become a model cell type in the 
field of plant cell signalling (Roelfsema and Hedrich, 2005). 
Whole plant and leaf gas exchange measurements showed reduced transpiration 
in the mrp5 mutant compared to control in Arabidopsis, with a ~20% increase in 
instantaneous water use efficiency (WUEi), and in these mrp5 mutants water loss is 
reduced from excised leaves, and there is less wilting than wild-type plants under 
drought conditions (Klein et al., 2003). This suggests a reduction in light-induced 
stomatal opening and resultant decrease in transpiration are more important to 
maintaining whole plant water status than any increase in water loss due to reduced 
ABA sensitivity of stomatal closure (Nilson and Assmann, 2007). Therefore, we believe 
that gas exchange and water use efficiency may have a relationship with genetic 
determinants from cultivated emmer wheat that regulate transpiration and WUE in 
improving WUE while sustaining yield.  
2.6.2 Chlorophyll content and water use efficiency 
Drought stress is one of the environmental factors that are believed to be 
damaging to photosynthetic pigments present in the photosystems, resulting in a 
reduced light-absorbing efficiency of both photosystems (PSI and PSII) and hence 
reduced photosynthetic capacity (Geissler et al., 2009; Zhang et al., 2011). Light energy 
absorbed by chlorophyll is transformed into one of three fates: it can be used to drive 
photosynthesis (photo-chemistry), it can be dissipated as heat, or it can be re-emitted as 
light (chlorophyll fluorescence) (Maxwell and Johnson, 2000). Although the total 
amount of chlorophyll fluorescence is very small (only 1 or 2% of total light absorbed), 
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it gives a valuable insight into exploitation of the excitation energy by PSII, and 
indirectly by the other protein complexes of the thylakoid membranes (Roháček, 2002). 
Chlorophyll meter such as the SPAD-502 is a simple, portable diagnostic tool that 
measures the greenness or relative content of leaves. The SPAD-502 has been shown to 
be a good tool to diagnose the integrity of the photosynthetic system in coffee leaves, 
and can thus help in the of advance interpretations of the photochemical process of 
these plants (Netto et al., 2004).  
Interestingly, readings around 40 at SPAD-502 showed to be the start of PSII 
impairment in coffee leaves (Netto et al., 2004). Impairment to the photosynthesis 
process is a very good indicator of disturbances caused in the plants by environmental 
factors (Hendry and Price, 1993). Therefore, timing of the progression of drought and 
the ability of plants to recover after being subjected to short and/or prolonged periods of 
drought are closely related to crop yield, when considering that processes such as cell 
expansion, gas exchange, and photochemical efficiency of PSII are affected by 
increasing water deficit (Brito et al., 2011). Rong-Hua et al. (2006) found the 
chlorophyll content was decreased at different levels under drought stress and 
concluded that chlorophyll content (via SPAD meter) is a reliable indicator in screening 
barley genotypes for drought tolerance.  
2.6.3 Canopy temperature and water use efficiency 
Canopy temperature has been used as an effective trait for mass screening of 
wheat genotypes under drought. In wheats bred at (CIMMYT) Mexico, it was found 
that canopy temperature depression (CTD), stomatal conductance (gs) and maximum 
photosynthesis rate were all associated with yield progress under well irrigated 
conditions during 3 years of experiment (Fischer et al., 1998). Significant variations in 
canopy temperature were found, and, and for water use and water use efficiency among 
seven winter wheat genotypes under both irrigated and non-irrigated conditions 
(Alderfasi and Morgan, 1998). Canopy temperature differences among wheat genotypes 
are minimal when plants have adequate soil moisture, but become significant as soil 
water becomes more limited (Pinter et al., 1990). Plants with cooler leaves, under 
limited water supply, have higher transpiration rates compared to warmer canopy 
temperature and showed relatively higher yield productivity than other genotypes (Blum 
et al., 1982; Lopes and Reynolds, 2010).  
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The complex relationship between canopy temperature variability, water stress 
and the spatial pattern of water availability, particularly the likelihood that the 
variability in canopy temperature will increase with the stress severity was recently 
quantified, using the standard deviation of canopy temperature (σTc) as an indicator of 
water stress. Therefore, variability in canopy temperature will increase with the stress 
severity and canopy temperature variability should then decrease after a certain level of 
stress has been exceeded. Greater understanding of these interactions would clearly be 
beneficial for irrigation scheduling (González-Dugo et al., 2005). Calculation on of a 
canopy temperature depression (CTD= air temperature – CT) is not recommended due 
to the errors associated with measuring air and canopy temperatures with different types 
of instruments. Therefore, it is recommended that canopy temperature values for 
genotypes are compared, and environmental variables accounted for within statistical 
analysis (i.e., using spatial analysis) (Pask et al., 2012). 
2.6.4 Light interception and water use efficiency 
The above-ground architecture of plants is highly diverse, but it remains unclear 
how this diversity affects light interception and growth across species (Duursma et al., 
2012). Godin (2000) proposed plant architectural characteristics (such as the number 
and geometry of organs, i.e. their shape and position within the plant and the canopy), 
are genotype specific, while at the same time highly dependent on the climatic 
conditions at the time of initiation and development. A new framework has been 
provide by Duursuma et al. (2012) from the largest database of digitized plants to date 
(1831 plants of 124 species) for understanding how the diversity found in crown 
architecture contributes to plant convergence or divergence in light interception 
efficiency, both within and across plant communities. Alem et al. (2014) found plant 
water use correlated with light interception among all bedding plant species (R
2
 = 0.66) 
by using a ceptometer (AccuPAR LP-80). This suggests the method may be useful to 
examine as a part of a plant’s strategy in use water efficiently. Reynolds et al. (2009) 
suggested RUE (radiation use efficiency) in wheat instead of light interception alone 
due to the fact that this trait shows significant genetic variation in conventional gene 
pools and is highly amenable to visual selection and is probably not a major current 
bottleneck for improving yield potential. Recent findings revealed that architectural 
parameters defined at the plant scale (e.g. branches, internode length) significantly 
affect the interception of light by each component in different species by using  3D and 
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dynamic models of wheat and pea in a study of light partitioning in a virtual plant 
approach (Barillot et al., 2013).  
2.6.5 Vegetation index and water use efficiency 
The Normalized Difference Vegetation Index (NDVI) is a numerical indicator 
that uses the visible and near-infrared bands of the electromagnetic spectrum. NDVI is a 
mathematical formula derived to form a single spectral-based measurement that is more 
sensitive than using a single wavelength alone. It is defined as a ratio of the difference 
between near-infrared and the red bands to the sum of the two bands, which is a 
measure of greenness (chlorophyll content) (Sembiring et al., 2000). It can measured 
green area, photosynthetic capacity and nitrogen status (Pask et al., 2012). The National 
Aeronautics and Space Administration (NASA) uses NDVI for measuring a vegetation 
index as an indicator for drought and has 20 years NDVI data for the entire globe 
(NASA, 2016). When sunlight strikes plants, the pigment in plant leaves, chlorophyll, 
strongly absorbs visible light (from 0.4 to 0.7 µm) for use in photosynthesis and 
strongly reflects near-infrared light (from 0.7 to 1.1 µm). Therefore, the more leaves a 
plant has, the more these wavelengths of light are affected (NASA, 2016).  
Normalized difference vegetation index can be used to predict grain yield in 
cereals (Teal et al., 2006; Babar et al, 2006). Hazratkulova et al. (2012) found high 
yielding lines usually maintained higher NDVI during the dough stage when the 
temperatures were higher. Freeman et al. (2003) reported that NDVI was well 
correlated with wheat grain yield at growth stages when the flag leaf was fully emerged 
and heading was complete. Babar et al. (2006) also found that there was significant 
correlation between grain yield and NDVI at booting, heading and grain filling stages in 
wheat in northern NSW. High yielding genotypes generally showed a slower decline in 
NDVI during grain filling, particularly between milk and dough suggesting that 
maintaining a relatively high NDVI under higher temperature at milk and dough stages 
could be considered a measure of heat tolerance (Hazratkulova et al., 2012).  
2.6.6 Osmotic adjustment and water use efficiency 
Osmotic adjustment (OA) can be considered as sufficiently established to be 
taken into account by crop physiologists and plant breeders (Ludlow and Muchow, 
1990). In water deficit condition, plants are compelled to reduce their inner water 
potential to avoid dehydration and to uphold water potential balance. To achieve this, 
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plant cells build up osmolytes which contribute to osmotic adjustment (OA) processes 
and thus help plant cells to maintain their water balance (Kubis and Krzywanski, 1989). 
Therefore osmotic adjustment by accumulation of osmolytes, such as glycinebetaine, 
proline, polyamines, polyols, and ions (i.e., potassium) is an important component of 
the drought resistance mechanism (Ludlow and Muchow, 1990; Farooq et al., 2009). 
Wheat cultivars with higher OA withstand drought better than cultivars with lower OA 
(Morgan, 1995; Nayyar and Walia, 2003). In wheat genome, P5CS gene has been 
discovered on 7A chromosome and found involved in osmotic adjustment and showed 
positive correlation with drought tolerance in wheat (Morgan and Tan, 1996; Sawahel 
and Hassan, 2002). Sawahel and Hassan (2002) found that overexpression of a single 
gene (P5CS) improved the salinity tolerance of wheat.  
2.6.7 Early vigour and water use efficiency 
Genotypes with greater early ground cover are able to better intercept incident 
radiation, thereby increasing soil shading and decreasing soil evaporation which 
increases water use efficiency, and may have increased competitiveness with weeds and 
potentially decrease soil erosion (Pask et al., 2012). The potential for increasing yield of 
winter cereals through more vigorous early growth has been demonstrated by 
comparing wheat lines in southern Australia (Turner and Nicolas 1987; Regan et al., 
1992; Richards 1992) and among durum wheats and barley in Mediterranean climates 
(Nachit et al., 1992; Cai et al., 1993 and Elhafid et al., 1998). Important determinants of 
early vigour in cereals has been identified from a diallel among random indica rice lines 
was associated with embryo size (López-Castañeda et al., 1996). Embyro size was 
found highly heritable and under additive genetic control (Pandey et al., 1994). There is 
little useful genetic variation for this characteristic among wheat cultivars currently 
grown in Australia. Rebetzke and Richards (1999) demonstrated that indirect selection 
for early vigour via leaf breadth is an effective strategy due to its high heritability and 
strong correlation with leaf area. 
2.6.8 Phenology and water use efficiency 
The flowering time is a most crucial factor because it helps plants to maintain 
sustainable development. Controlling flowering to appropriate times can also prevent 
plants from suffering from adverse growth conditions, such as drought, winter and 
disease (Wang et al., 2016). Genes controlling response to photoperiod are known 
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(Snape et al., 2001) and the environment and interactions between environment and 
these genotypes have significant effects in controlling the flowering time (Wang et al., 
2016). In wheat, strategies based on adaptation through earliness are often proposed to 
avoid environment constraints (Gouache et al., 2015; Zheng et al., 2013). The presence 
of vernalization genes (response to cold temperature) that influence flowering time 
result in complexity to understand the genetic basis of flowering time in temperate 
species (e.g. barley and wheat) compared to tropical species (e.g. rice, sorghum and 
maize) (Tuberosa, 2004). Reduced crop duration is an effective strategy in plant 
breeding programs, enabling drought escape (Araus et al., 2002) for water use 
efficiency. 
2.6.9 Root depth and water use efficiency 
Stable and high yield under water deficit condition can be achieved with well-
developed root systems that allow greater soil water extraction (Dodd et al., 2011). 
Wheat genotypes with deeper root system, enhanced root density from the surface to 
depth, and with greater radial hydraulic conductivity at depth may lead to higher yield 
under water deficit environments (Wasson et al., 2012). Although root architecture is a 
very important indicator of drought avoidance, there is a lack of methods to measure 
root architecture in situ (Farooq et al., 2014). Observing water availability down to a 
depth of 134 cm across the season between irrigated and rainfed environment 
simultaneously would allow us to identify how deep roots are extracting water in water 
limited conditions. Tomar et al. (2016) and Zhang et al. (2013) also found wheat root 
grew to maximum depth of 137 to 140 cm during reproductive stage. Although greater 
rooting depth leads to improved stability in grain yield where soil water is replenished 
at depth between crops, but it has little advantage where the soil water is not replenished 
(Ludlow and Muchow, 1990). The importance of a deep root system for extracting 
moisture and improving performance under water limited environments in various crops 
is reported in several studies (Sinclair, 1994 in sorghum; Turner et al., 2001 in pulses; 
Kamoshita et al., 2002 in rice; Reynolds et al., 2007 and Wasson et al., 2012 in wheat). 
Richards (1991) found greater water extraction deep in the soil increases WUE because 
this water is used solely for transpiration and not lost through evaporation. 
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2.7 Crop ideotype 
The breeding of plants to a specific list of characteristics or ideotype can be one 
way to set up the best crop characteristics that suit a set of specific conditions. Clearly, 
wheat ideotypes have been developed in breeding programs based on selection for yield 
under prevailing agronomic practices, and it may change based on changing agronomic 
practices (Donald, 1968). Donald (1968) described a wheat ideotype with a short, strong 
stem; few, small, erect leaves; a large ear (many florets per unit of above ground dry 
matter); an erect ear; awns and a single culm. Singh et al (2007) develop new wheat 
ideotype by using local germplasm Sirsa Farm Wheat (SFW) in India which has high 
thousand grain weight (45-50g), high number of grains per spike (90-100), high 
biomass, thick, broad, semi erect and dark green leaves, thick stem, plant height 85-100 
cm and good root system. One of the lines used as a bread wheat parent in this research 
was PBW502 and among the 100 selected lines that had commercially released wheat 
from ideotype characteristics described by Singh et al., 2007. Reynolds et al. (2005) 
indicated that breeding for adaptation to abiotic stress is extremely challenging due to 
the complexity of the target environments as well as the range of the stress-adaptive 
mechanisms adopted by plants.  
Therefore, stress-adaptive traits can be divided into groups whose genes and/or 
physiological effects are likely to be relatively independent such that when parents with 
contrasting traits are crossed, adaptive genes will be pyramided. These groups of 
candidate traits as shown in figure 2.4 are being considered for drought adaptation in 
wheat. These traits relating to pre-anthesis growth (G-1), water extraction (G-2), water 
use efficiency (G-3) and photo-protection (G-4). Wide crossing techniques such as 
production of synthetic hexaploid lines are being exploited to tap into this source of 
genetic diversity and develop new plant type wheat or wheat ideotype for drought 
adaptation.  
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Fig. 2.4: A conceptual model for drought adaptation in wheat based on literature 
(Reynolds et al., 2005) 
2.8 Association mapping 
Linkage disequilibrium (LD) mapping or association mapping (AM) is an 
approach to genetically dissecting complex traits based on the non-random association 
between alleles at a locus and the phenotypic traits of interest across a diverse 
germplasm set (Weir, 1996). Identification of marker-trait associations is the first step 
towards marker-assisted selection in plant breeding (Wang et al., 2014). Paterson et al. 
(1995) did comparative mapping work that focused on domestication traits in the 
cereals and was one of the earliest research in this field. Association mapping by using 
SSR (simple sequence repeats) markers was implemented to identify the association 
between molecular marker loci and complex traits of interest in wheat (Breseghello and 
Sorrells, 2006; Maccaferri et al., 2011; Dodig et al., 2012). Association mapping can 
save time as it does not require the development of bi-parental progenies (Kraakman et 
al., 2004). In addition to that, it possessed higher resolution power for mapping QTLs 
(quantitative trait loci) and greater capacity for detecting more alleles. The key to 
association mapping is the LD between functional loci and markers that are physically 
linked. There is tremendous interest in using association mapping to identify genes 
responsible for quantitative variation of complex traits with agricultural and 
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evolutionary importance (Gupta et al., 2005; Zhu et al., 2008). There are several studies 
in LD conducted in tetraploid wheat (Dograr et al., 2000; Li et al., 2000; Maccaferri et 
al., 2004) and hexaploid wheat (Sukumaran et al., 2014; Bajgain et al., 2015; Pariyar et 
al., 2016).  
 Genetic diversity analysis of wild and cultivated wheat was generally based on 
low–to medium-throughput marker platforms such as restriction fragment length 
polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified 
fragment length polymorphism (AFLP) (Soleimani et al., 2002) and simple sequence 
repeats (SSR) (Dograr et al., 2000; Li et al., 2000; Maccaferri et al., 2004; Kruger et al., 
2004). However, these markers, especially RFLP, RAPD and AFLP, have not been used 
extensively in breeding programs because they are not efficient for application in 
marker-assisted-selection (MAS) (Akhunov et al., 2009). Single nucleotide 
polymorphism (SNP) can be converted into genetic markers amenable to high-
throughput assays (Deschamps et al., 2010; Trebbi et al., 2011). Several studies in 
wheat also used single nucleotide polymorphism (SNPs) marker for association 
mapping (Ren et al., 2013; Wang et al., 2014; Bajgain et al., 2015 and Hu et al., 2015). 
Compared to diploid crops such as corn and rice, a relatively smaller number of SNP 
markers are now available in wheat due to the genome complexity (Edwards et al., 
2009; Kozlova et al., 2009), but these numbers are sufficient for AM. 
  
24 
 
CHAPTER 3 
Physiological basis of yield gains 
3.1 Introduction 
 Measuring the reduction of grain yield, various yield components and 
physiological traits under drought stress conditions in comparison with irrigated 
conditions is widely used to identify drought tolerant genotypes (Eric et al., 2005; Jiang 
et al., 2006; Mascher et al., 2005). The intensity and duration of stress as well as the 
crop species and its stage of growth influence reaction of plants to water stress at 
various levels (Chaves et al., 2002; Jaleel et al., 2008). A physiological understanding is 
critical to explain stable yields in drought conditions. The yield progress from 
traditional breeding may be too slow and not efficient as described by Fischer (2007). 
Additionally, new instruments and techniques for physiological trait measurements are 
becoming more accessible and make understanding of the chromosomal locations 
controlling these traits possible (Farshadfar et al., 2008). Finally, crop physiology can 
be used in predicting gene-to-phenotype relationship for future effective ‘breeding by 
design’ (Yin et al., 2004). Therefore the physiological basis of yield variation is still not 
understood in hexaploid bread wheat with cultivated emmer background in our doubled 
haploid lines. This study was conducted to give a better understanding of how the 
physiological basis influences yield gains for DH lines that contain cultivated emmer 
background in irrigated and rainfed conditions. This information would explain how 
much-cultivated emmer introgressions in hexaploid wheat that leads to improvement in 
drought tolerance. 
 Drought tolerance genotypes can be obtained by using stress index tools 
(Pirasteh-Anosheh et al., 2011; Fischer and Maurer, 1978). High yield potential (yield 
in the absence of drought) and drought escape could lead to high yield rather than, or as 
well as, the possession of drought resistance adaptations specifically favouring 
performance under drought (Fischer and Maurer, 1978). Therefore a drought 
susceptibility index (DSI) by using Fischer and Maurer (1978) formula for grain yield 
was calculated to separate these influences. Drought indices that provide a measure of 
drought based on yield loss under drought conditions in comparison to normal 
conditions have been used for screening drought-tolerant genotypes (Mitra, 2001). The 
other objective of the study was to identify drought tolerant lines by using a drought 
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susceptibility index (DSI) under different water availability levels, by comparing the 
lines to their bread parent and observe how much cultivated emmer wheat improves 
hexaploid bread wheat drought tolerance. 
 Multi-environment trials (MET) were performed to evaluate the new genotypes 
across test environments. In such experiments, genotype x environment (GE) interaction 
is commonly evaluated before a specific genotype is released for production by growers 
(Trethowan and Reynolds, 2007; Yan et al., 2007; Karimizadeh et al., 2012). The 
relevant variance components in genotype evaluation via MET are the genotype main 
effect (G) and the GE interaction (Cooper and Hammer, 1996). Yan et al. (2000) 
proposed using both G and GE effects instead of only GE interaction for yield stability 
analysis. Therefore, a biplot approach (Gabriel, 1971) was used to display the GGE of a 
MET dataset (Yan et al., 2000). The GGE biplot is more interpretative and facilitates 
pair-wise genotype comparisons (Karimizadeh et al., 2013) and allows visualization of 
any crossover in the GE interaction (Ding et al., 2007). In this study, genotypes were 
evaluated based on both yield and yield stability by using GGE biplots. The genotypes 
that categorized in high yield and yield stability across the five environments used were 
evaluated statistically and compared for physiological and agronomical aspects.  
3.2 Materials and Methods 
3.2.1 Germplasm used and history of the experimental material 
Crosses were made by Dr. Tariq Chattha (research scientist in Plant Breeding 
Institute, Cobbitty) between hexaploid bread wheat (Triticum aestivum L.) (2n=6x=42) 
(AABBDD) and ten cultivated emmer wheats (Triticum dicoccon Schrank) (2n=4x=28) 
(AABB) genotypes. The germplasm used to develop the hexaploid introgression lines is 
presented in Table 3.1 and the DH lines populations were presented in this thesis is 
based on bread parents (T.aestivum) with hexaploid state (6x in Table 3.1). The emmer 
parents were selected for high molecular diversity and their adaptation to hot, dry 
environments in India and the Middle East (Zaharieva et al., 2009). These genetically 
diverse emmer wheat parents were then used to create new AB-genome diversity in 
hexaploid wheat. Crosses were made between adapted hexaploid bread wheat parents 
and the emmer wheats, with one subsequent backcross to the respective adapted bread 
wheat parent. The adapted bread wheats were a range of cultivars and lines that other 
trials had shown had high yield potential in trials overseas, and in the Narrabri 
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environment. Sokoll, Berkut and Waxwing*2/Kiritati are diverse CIMMYT lines, with 
Sokoll having a “synthetic” wheat parent (a cross of a durum wheat by Triticum 
tauschii, the D genome donor). PBW 502, PBW 550, DBW 16, DBW 17 are high 
yielding Indian cultivars, while T. dicoccon P194625/Ae. squarrosa(372)/2/3*Pastor is 
derivative of the CIMMYT cultivar Pastor with a genetic contribution from a T. 
dicoccon (emmer)-based “synthetic” wheat. The line 2-49/Cunningham//Kennedy is 
from the line 2-49, a T. aestivum crown rot resistance source (Collard et al., 2006) and 
the two Queensland cultivars Cunningham and Kennedy. 
BC1F1 progeny with hexaploid wheat appearance were selected and used for 
doubled haploid production. These doubled haploid lines production were made by Dr. 
Ahmed Nizam (research fellow) and his team in Plant Breeding Institute, Cobbitty. The 
details procedures of doubled haploid lines production as explained in Chapter 4. 
Approximately ten doubled haploid (DH) lines were made per selected plant resulting in 
almost 1000 doubled haploid derived lines with an average of 25% AB genome and 0% 
D genome from emmer wheat parents in these BC1F1 DH lines. Based on seed 
availability following multiplication at Narrabri in 2012, 480 DH lines were selected for 
field trial in 2013 (Appendix I, Table 1). These 480 DH lines covered 19 out of 24 
crosses from original 1000 DH lines (Appendix I, Table I) and the seed from 2013 trial 
was continued in the field trial in 2014. Subsequently the seed from 2014 trial was used 
in 2015 for agronomic, phenology and physiology evaluation. The check commercial 
bread wheat cultivars used in 2013 and 2015 were Sunlin, Suntop, EGA Gregory, and 
Spitfire, and in 2014, cultivars Sunco, Sunzell and Livingston were also included as 
checks. 
3.2.2 Experimental site 
The field experiments were conducted during 2013, 2014 and 2015 at the I.A. 
Watson Grains Research Centre, Narrabri NSW (30°20´S, 149°45´E). The dominant 
soil type at this location was a self-mulching, grey Vertosol as documented by Isbell 
(2016).  
3.2.3 Experimental Layout 
The experiments were conducted on 3 different sites within the IA Watson Grains 
Research Centre (Appendix I, Figure 1) across the three consecutive years (Table 3.2). 
In 2013, the experiment was conducted with near optimum irrigation and 480 doubled 
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haploid lines were evaluated. A total of 187 doubled haploid lines (Entry 13 – 200, 
Appendix I, Table 1) were selected based on yield and drought tolerance related traits 
for evaluation under contrasting moisture treatments in 2014 and 2015. These separate 
rainfed and irrigated environments were located adjacent to each other in both years. 
The experiment in 2013 comprised 720 12 m
2
 plots arranged in a randomized partially 
replicated design. The design was generated using DiGGer Software (Coombes, 2002). 
A two replicate alpha-lattice design of 812 plots (generated using GenStat 14.1) was 
sown in 2014 and a partially replicated design of 704 plots in 2015. Each 12 m
2
 plot 
comprised six rows of 6 m length with 33 cm row spacing. Cultivar Sunlin was used as 
a buffer around the experiments, as it is an easily visualised cultivar with awnless spikes 
whereas all DHs and check cultivars have awned spikes. The location of the 
experiments is shown in the field map (Appendix I, Figure 1). Details of treatments 
applied in 2013-2015 to produce the 5 environment types are presented in Table 3.3. 
The experiments were sown on stored soil moisture, and the following water regimes 
were generated: (i) high moisture where moisture stress was minimized using irrigation 
(E1, E3, and E5), and (ii) low moisture or rainfed (E2 and E4) where no water was 
applied during crop growth (Table 3.2).  
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Table 3.1: List of germplasm used to make crosses for 480 double haploid derived lines in field studies during 2013-2015 
Genotype Coding used in pedigree list at Appendix I Pedigree/species  Origin Polyploidy 
Sokoll Sokoll PASTOR/3/ALTAR-84/AE.SQ(TR.TA)//OPATA-M-85 CIMMYT 6x 
PBW 502 PBW 502 W-485/PBW-343//RAJ-1482 India 6x 
PBW 550 PBW 550 WH-594/RAJ-3856//W-485 India 6x 
DBW 16 DBW 16 RAJ-3765/WR-484//HUW-468 India 6x 
DBW 17 DBW 17 CMH-79-A-95/3*CIANO-79//RAJ-3777 India 6x 
Berkut Berkut IRENA/BAVIACORA-M-92//PASTOR CIMMYT 6x 
Waxwing*2/Kiritati Waxwing*2/Kiritati Waxwing*2/Kiritati  CIMMYT 6x 
     T. dicoccon P194625/ T. dicoccon P194625/ T. dicoccon P194625/ 
  
Ae. squarrosa(372)/2/3*Pastor Ae. squarrosa(372)/2/3*Pastor Ae. squarrosa(372)/2/3*Pastor 
Australia 6x 
2-49/Cunningham//Kennedy 2-49/Cunningham//Kennedy 2-49/Cunningham//Kennedy Australia 6x 
BARI 7531 18341 KC75 Triticum dicoccon Schrank  AGG 4x 
BARI 7533  18343 KC75 Triticum dicoccon Schrank  AGG 4x 
18293 KC75 18293 KC75 Triticum dicoccon Schrank  AGG 4x 
T. dicoccon AUS 19385  19385 KC75 Triticum dicoccon Schrank  AGG 4x 
T. dicoccon AUS 21758  21758 KC75 Triticum dicoccon Schrank  AGG 4x 
T. dicoccon C18643  35879 M C18643 Triticum dicoccon Schrank  CIMMYT 4x 
T. dicoccon C18644  35880 M C18644 Triticum dicoccon Schrank  CIMMYT 4x 
T. dicoccon 500110 35883 M500110 Triticum dicoccon Schrank  CIMMYT 4x 
T. dicoccon 500132 35888 M 500132 Triticum dicoccon Schrank  CIMMYT 4x 
T. dicoccon 500281 35891 M500281 Triticum dicoccon Schrank  CIMMYT 4x 
35884 M500113 35884 M500113 Triticum dicoccon Schrank  CIMMYT 4x 
Sources: GRIS (Genetic Resources Information System for Wheat and Triticale-CIMMYT): (http://wheatpedigree.net/sort/show/96742) 
National Variety Trials: (www.nvtonline.com.au)
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Table 3.2: The location of each experiment conducted between 2013-2015 
Year Environment Environment 
 
High moisture  Low moisture  
2013 Hydrant 4 West (E1) 
 
   2014 Hydrant 22 West (E3) Hydrant 22 East (E2) 
   2015 Hydrant 21 East (E5) Hydrant 21 West (E4) 
 
Table 3.3: Details of the experiments conducted during 2013-2015 
Year    Environment Sowing date Harvest date 
2013    Irrigated (E1) 20
th
 May 2013 2
nd
 November 2013 
    2014     Rainfed (E2) 21st May 2013 10th November 2014 
 
    Irrigated (E3) 21
st
 May 2013 17
th
 November 2014 
    2015     Rainfed (E4) 19th May 2013 1st November 2015 
 
    Irrigated (E5) 19
th
 May 2013 17
th
 November 2015 
 
3.2.4 Agronomic management of experiments 
 Nitrogen was applied in 2013, 2014 and 2015 as outlined Table 3.4. Weed and 
pest control was conducted as required and the chemical application during crop growth 
in 2013, 2014 and 2015 are outlined Table 3.5. Soil samples were taken to 90 cm depth 
at each experimental site before sowing each year and nutrient availability was 
evaluated (Appendix I, Figure 2). The soil tests were conducted by PENAGCON 
(Penberthy Agriculture Consultancy). Fertilizer was then applied to bring fertility to 
recommended levels for wheat cropping in northwestern NSW (Table 3.4). The 
presence of root lesion nematodes (Pratylenchus species) in the soil was assayed using 
the PreDicta B tests before sowing. The numbers of parasitic nematodes Pratylenchus 
neglectus and P. thornei were rated as low in all seasons (Appendix I, Figure 3). 
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Table 3.4: Fertilizer applied to the experimental sites 
Year Product Product Quantity Application time 
2013 Nitrogen Urea 220 kg/ha 28th March  
  
Urea 100 kg/ha 3rd August 
 
Granulock cotton sustain 
  
 
(P: N: K: Zn =10: 5: 21: 1) 40 kg/ha Banded with the seed at planting 
 
 
  2014 Nitrogen Urea 110 kg/ha 14th April 
 
   
 
Gold Phos 10 100 kg/ha Banded with the seed at planting 
 
(P: S: Zn = 18.3: 10.3: 1) 
  
 
   2015 Nitrogen Urea 150 kg/ha 15th April 
 
 
 
 
 
Granulock cotton sustain 
  
 
(P: N: K: Zn =10: 5: 21: 1) 100 kg/ha Banded with the seed at planting 
 
Table 3.5: Chemicals applied throughout the cropping season for weed and pest control 
Year Application date Chemical Quantity Target 
2013 11
th
 May Cyren 500EC 1 L/ha Wire worm 
 
18
th
 July LVE MCPA 570 500 ml/ha Broad leaf weeds 
 
18
th
 July Tordon 242 1 L/ha Broad leaf weeds 
 
18
th
 July Lynx Wg 5 g/ha Broad leaf weeds 
 
18
th
 July BS 1000 120 ml/ha Broad leaf weeds 
 
1
st
 August Chlorpyrifos 500EC 1 L/ha Wire worm 
 
16
th
 August Bucko 242 1 L/ha Broad leaf weeds 
 
16
th
 August LVE Agritone 500 ml/ha Broad leaf weeds 
 
16
th
 August Melfuron 600WG 1 g/ha Broad leaf weeds 
 
16
th
 August BS 1000 100 ml/ha Broad leaf weeds 
2014 1
st
 July Para-Ken 250 2.4 L/ha Fleabane, grass weeds 
 
4
th
 August Weedmaster DST 2 L/ha Faba, grass weeds 
 
4
th
 August Melfuron 2 g/ha Faba, grass weeds 
 
4
th
 August Lontrel 150 ml/ha Faba, grass weeds 
 
4
th
 August Campanion 250 ml/ha Faba, grass weeds 
2015 29
th
 June Axial 250 ml/ha Grass weeds 
 
29
th
 June Adigor 500 ml/ha Adjuvant 
 
7
th
 July  Tordon 242 1 L/ha Broad leaf weeds 
 
7
th
 July  Stinger 10 g/ha Broad leaf weeds 
 
18
th
 September Folicur 145 ml/ha Fungal diseases 
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3.2.5 Physiological and agronomic measurement 
The physiological and agronomic traits measured in three years of experiments 
conducted are discussed below with the exception of the gas exchange methodology and 
results as discussed in chapter 4.  
a. Crop ground cover 
Crop ground cover or the percentage of the soil surface covered by foliage was 
recorded during 2013-2015. In 2013 (E1) and 2014 (E2 and E3), the measurements 
were taken when the average ground cover was approximately 20%, 50% and 80%. In 
2015 the measurements were taken 10, 20 and 30 days after emergence. These time 
frames were suggested in Pask et al. (2012). The crop ground cover was estimated using 
images from a digital camera (model DMC-TZ30; Panasonic; Japan). When taking the 
photos, the camera was oriented pointing directly downwards above the crop canopy 
from a height of about 1m and excluding neighbouring plots, shadows and our feet. The 
resolution of the images was 640 x 480 to reduce size and maintain in ‘no zoom’ 
position. To reduce the possibility of mistakes in a large trial, pictures were taken of the 
sky at the end of each row and three sky pictures were taken to indicate the end of the 
trial. The images were analysed using canopy cover software which is available from 
CSIRO (Atta, 2013). The ground cover rate were taken by deduction of the percentage 
crop ground cover in last measurement with first or second (i.e. 30 days minus 10 days 
percentage of ground cover). 
b. Days to heading 
The number of days to heading was recorded from the date of sowing to the date 
when 50% of the spike was emerged (i.e., middle of the spike at the flag leaf ligule) on 
50% of all stems. At this point, the crop stage had reached GS55 based on the Zadoks et 
al. (1974) scale. 
c. Days to maturity 
Days to physiological maturity (Z87, Zadoks et al., 1974) were recorded from 
the date of sowing to the date when 50% of the peduncles were ripe (i.e., yellow) on 
50% of plants within the plots.  
d. Normalized difference vegetative index (NDVI) 
Differences among genotypes in canopy size and vegetative greenness of each 
plot was measured by using Normalized difference vegetative index (NDVI). NDVI 
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was measured using a Hand Held GreenSeeker® (NTech Industries, Canada) at 
different growth stages starting at tillering (Z22-Z29), stem elongation (Z37-Z39), 
booting (Z45-Z49), heading (Z55-Z59), anthesis (Z61-Z69) and grain filling (Z71-Z85) 
during the field trials in all three seasons, 2013, 2014 and 2015.  
e. Plant height 
 Height of the main tiller was recorded at maturity from the ground to the top of 
spike excluding awns. The ruler was placed flat on the soil surface and mounds or 
cracks in the soil were avoided. 
f. Grain yield 
At maturity, plots were harvested using a combine harvester and grain yield (g) 
was measured and converted into tonnes per hectare (t/ha).  
g. Osmotic adjustment 
 Four flag leaves collected randomly in the middle of each plot (all bread parents 
for comparison and 16 selected genotypes) and rehydrated (Appendix II, Figure 2) using 
the methods described in Pask et al., (2012). The leaf samples were collected between 
12:00 and 16:00, starting with the rainfed site followed by the irrigated site. After 
rehydration, leaves were blotted dry, immediately frozen and stored in a -20°C freezer 
for a maximum of 2 months. The osmotic potential of sap expressed from defrosted 
leaves was measured using a vapor pressure osmometer VAPRO® (model 5520; 
Wescor Inc., Logan, UT, USA). The osmometer was calibrated using known 
concentrations of sodium chloride (100, 290, and 1000 mmolkg
-1
). Osmotic adjustment 
(OA) was calculated as the difference between osmotic potential in the irrigated plot 
versus the rainfed plot for each genotype (Pask et al., 2012).  
h. Drought susceptible index (DSI) 
A drought susceptibility index (DSI) of each genotype for grain yield and 
drought intensity index (DII) for each experiment was calculated using the Fischer and 
Maurer (1978) formula: 
DSI = (1-YD/YP)/(1-XD/XP) 
 
Where YD = mean yield of individual genotype under stress treatment; YP = mean yield 
of individual genotype without stress; XD and XP = mean yield of all genotypes under 
stress and non-stress treatments, respectively. A high DSI indicates poor performance of 
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the line under drought stress relative to other genotypes. Drought Intensity Index for the 
experiment (DII) was calculated as: 
 
DII = (1-XD/XP) 
i. Chlorophyll Content 
 In 2014, at heading and 14 days after heading, the chlorophyll content of five 
flag leaves randomly selected from the middle of the plots was measured using a hand-
held chlorophyll meter (SPAD 502 Plus, Konica Minolta Sensing Inc. Japan). In 2015, 
the chlorophyll content was measured during early grain filling because there was no 
significant interaction between genotype x environment found in 2014.  
j. Canopy temperature 
A hand held infrared thermometer, HABIBI-CT Gun Model: IMPAC IN 15 plus 
was used to measure canopy temperature in 2013 in the irrigated trial. Whereas in 2014, 
a hand held infrared thermometer manufactured by Micron infrared (model M1-N15) 
was used to measure canopy temperature in the drought and irrigated trials. The 
emissivity of the devices was set to 0.98. Canopy temperature (°C) was measured on 
sunny, cloudless, calm days with the wind speed between 3 to 10 kmh
-1
 and between 
1100 and 1500 hours. The relative humidity, air temperature, and wind speed reading 
taken from weather station  
http://ozforecast.com.au/cgibin/weather.cgi?station=Narrabri.NSW&radar) located on 
the I.A. Watson Grains Research Centre every 15 minutes during the canopy 
temperature measurements. The thermometer was held 0.5 m away from the edge of the 
plot and 1 m above the canopy with an angle of approximately 30° to the horizontal for 
measurement and readings taken in zig-zag fashion diagonally across the plot (ground 
readings were avoided). The readings were taken at the same end of each plot with the 
sun behind and shadow avoided (Pask et al., 2012). The average of three measurements 
taken each plot was recorded. Canopy temperature depression (CTD = air temperature - 
CT) is not recommended due to errors associated with measuring air and canopy 
temperatures with different types of instruments (i.e. thermo-couple (air) and infrared 
(canopy) and the additional experimental error of measuring three values in this study 
(Pask et al., 2012). 
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k. Light interception (%) 
Light interception (%) was measured using a modified Sunfleck ceptometer 
(Decagon®) where a mini bubble spirit level (Figure 3, Appendix I) was placed on the 
middle of the back of the instrument and the ceptometer turned upside down for data 
capture. The time and date was fixed prior to measurement to record the zenith angle. 
Measurements were taken between 1100 and 1500 hours on cloudless days with wind 
speeds below 10 kmh
-1
. Photosynthetically active radiation (PAR) was measured both 
above and within the canopy. The ceptometer was held at the same angle for each plot 
and the probe always cleaned after below canopy measurements, and care was taken to 
ensure that the spirit bubble indicated the instrument was level before each 
measurement.  
l. Flag leaf length and width 
Sixteen genotypes were selected for intensive field assessment in 2015 based on 
contrasting performance in the 2014 experiments. Four random flag leaves of main 
shoots from the middle of each plot were selected and measured. The length from the 
base to the tip of the flag leaf was measured to the nearest mm and the widest part of the 
same flag leaf also recorded to the nearest mm. 
m. Thousand grain weight 
The grains obtained after harvest from each plot were cleaned by hand and 500 
seeds counted using a seed counter (Contador). The 500 seed lots were weighed and 
thousand grain weight measured by multiplication of two. 
n. Screenings 
Prior to cleaning, 450g sub-samples of grain were collected from each plot post-
harvest. The samples were poured into a seed sieve and small grains or screenings were 
determined by shaking the 450g samples of grain 40 times over 2.0 mm elongated slots 
(Agtator). All small seed were weighed and expressed as a percentage of the total. 
o. Statistical analysis 
Independent analyses of experiments conducted each year were performed to 
assess differences between genotypes, environments and if there were any interactions. 
A combined analysis of all common genotypes assessed across the three years, 
representing 5 contrasting environments, was then conducted. Analyses were conducted 
using the Linear Mixed Model (LMM) component of the Residual Maximum 
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Likelihood (REML) function in Genstat version 16.0 (Payne et al., 2011). Genotypes, 
environments and their interaction were considered fixed terms and ranges/rows within 
environments random terms in the model. Relationships among parameters within and 
across years were then calculated using Pearson’s simple correlation test in Genstat. 
GGE (genotype main effects with genotype by environment interaction) biplot analysis 
was also performed by using GenStat statistical software, version 16.0. The heritability 
over environments was estimated using the following equation (Nyquist and Baker, 
1991): 
                                    
H = 
 
 
                                                   
Where H is broad sense heritability, σ2G is the genotypic variance, σ
2
GE is the genotype x 
environment interaction (GEI) variance, σ2e is the error or residual variance, E is the 
number of environments and r is the number of replicates per environment. Mean 
squares (MS) from the Analysis of Variance (ANOVA) were used to calculate the 
variances in the heritability formula as follows: 
σ2e = MSe 
σ2GE = (MSGE - MSe)/r 
σ2G = (MSG - MSGE)/rE 
Where MSe  is mean square error, MSGE  mean square genotype x environment 
interaction, E is the number of environments and MSG is the genotypic mean square. 
Multiple regression analysis was then conducted using trait means to assess 
combinations of traits that most influence productivity.  
p. Data captured each year 
The data captured each year varied depending on availability of equipment and 
the weather conditions. Therefore the combined analysis across environments (years) 
only included those traits common to all environments. The data measured each year are 
summarized in Table 3.6. Some of the physiological data and methodology (NMM 
(Neutron moisture meter), light interception (%), leaf length, leaf width and gas 
exchange measurement) for the sixteen selected cultivars is discussed in chapter 4. 
σ2G 
σ2G + (σ
2
GE/E) + (σ
2
e/rE)        
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Table 3.6: Traits evaluated each year (2013-2015) 
  
Field trial 
 Trait 
 
Years 
 
 
2013 2014 2015 
NMM 
 
X X 
Heading days (days) X X X 
Grain Yield (t/ha) X X X 
Chlorophyll content 
 
X X 
Canopy temperature X X 
 Plant height (cm) X X X 
Screening (%) X 
 
 X 
OA (16 selected lines)    X 
NDVI X X  X 
Ground cover rate (%) X X  X 
Thousand Kernel Weight  X X  X 
Note: NMM, neutron meter moisture (mm); HD, sow to 50% heading (days); OA, Osmotic 
adjustment (MPa), NDVI, Normalized difference vegetative index. 
 
3.3 Results 
3.3.1 Environment 1 (E1): irrigated (2013)  
In E1 there were significant genotype effects for all physiological traits 
evaluated (Table 3.7). Correlation coefficients among all traits evaluated in E1 are 
presented in Table 3.8. A positive correlation was observed between heading days and 
yield (P < 0.001; r = 0.51) and the correlations in each population are presented in 
Figure 3.1. Heading date in 2-49/ Cunningham//Kennedy population explained 23% of 
the variation in grain yield while in the other populations there was no significant 
relationship. The red circles indicate genotypes with significantly higher yield (P<0.05) 
than their bread wheat parent (Figure 3.1). A negative correlation was observed between 
heading date and grain filling period (P<0.001; r = -0.56) (Table 3.8), so that later 
heading lines tended to have shorter grain filling periods. Nevertheless, some lines were 
earlier heading with high grain yield and longer grain filling periods as circled (3.1d and 
f). Canopy temperature during grain filling (Z81-Z83) was negatively correlated with 
yield (P<0.001; r = -0.29), plant height (P<0.001; r = -0.38) and heading date (P<0.001; 
r = -0.27) (Table 3.8). The correlations between canopy temperature during grain filling 
and grain yield in each population are presented in Figure 3.2. Canopy temperature 
during grain filling in 2-49/Cunningham//Kennedy population explained 20% of the 
variation in grain yield, while in the other populations these traits were not significantly 
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related. The red circled lines had significant (P<0.05) higher grain yield compared to 
bread wheat in E1 (Figures 3.2c, d and f). 
Table 3.7: Wald statistics from the tests of fixed effects for evaluated traits in E1  
      (irrigated, 2013) 
Note: Heading days, sowing to 50% heading; CT, canopy temperature; NDVI, normalize difference 
vegetative index; Maturity days, sow to 50% matured. Means for 480 lines for all traits were included at 
Appendix II 
 
 
 
 
 
 
Traits Wald statistic d.f. F chi pr 
Ground cover 1121.58 477 2.35 <0.001 
TKW 11535.28 477 24.18 <0.001 
Yield t/ha 1852.78 477 3.88 <0.001 
Grain filling period 1214.82 477 2.55 <0.001 
Heading days 2508.06 477 5.26 <0.001 
CT (Z43-Z45) 1104.46 477 2.32 <0.001 
CT (Z81-Z83) 1670.04 477 3.5 <0.001 
CT (Z55-Z59) 1028.82 477 2.16 <0.001 
CT (Z61-Z69) 2330.19 477 4.89 <0.001 
NDVI (Z45-Z49) 565.58 477 1.19 0.003 
NDVI (Z51-Z61) 822.67 477 1.72 <0.001 
NDVI (Z61-Z69) 822.67 477 1.72 <0.001 
NDVI (Z75-Z77) 738.11 477 1.55 <0.001 
Screenings % 3163.36 477 6.63 <0.001 
Maturity days 3002.89 477 6.3 <0.001 
Plant Height (cm) 1847.82 477 3.87 <0.001 
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Table 3.8: Correlation coefficient between traits in environment one (E1, irrigated) in 2013 
Note: TKW, thousand kernel weight; CT(Z61-Z69), (Z43-Z45), (Z81-Z83), (Z55-Z59), canopy temperature (Anthesis), (Booting), (Grain filling) and (Heading) respectively; 
GC, ground cover; GFP, grain filling period, HD, heading days; MD, maturity days; GM, grain moisture; NDVI (stage), normalized difference vegetation index; GTW, Grain 
test weight. *, **, *** indicate significance at P < 0.05, P < 0.01, P <0.001 respectively and ns = not significant  
 
 
Traits   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
TKW 1  - 
               CT (Z51-
Z61) 2 0.0141ns  - 
              CT (Z43-
Z45) 3 0.1241* 0.0934*  - 
             CT (Z81-
Z83) 4 0.0715ns 0.1005* 0.1562***  - 
            CT (Z55-
Z59) 5 0.0547ns 0.2649*** 0.2686*** 0.1886***  - 
           GC 6 0.0177ns -0.1062* -0.1742*** -0.0426ns -0.1981*** - 
          GFP 7 -0.0032ns 0.0968* 0.021ns 0.0449ns 0.0681ns -0.0165ns - 
         Heading 
Days  8 -0.1362** -0.2549*** -0.0392ns -0.2732*** -0.0473ns -0.0453ns -0.5576***  - 
        Plant 
Height 9 -0.0133ns -0.2258*** -0.1388** -0.3807*** -0.1584*** 0.0499ns -0.0036ns 0.4786***  - 
       Maturity 
days 10 -0.1587*** -0.1838*** -0.0092ns -0.2528*** 0.0047ns -0.0729ns 0.3042*** 0.6005*** 0.5077***  - 
      NDVI (Z45-
Z49) 11 -0.1577*** 0.0188ns -0.0741ns -0.0872ns -0.0674ns 0.1848*** 0.0364ns 0.12* 0.1958*** 0.1709***  - 
     NDVI  
(Z51-Z61) 12 -0.1736*** -0.0728ns -0.2537*** -0.044ns -0.184*** 0.2851*** 0.0398ns 0.0938* 0.2046*** 0.1263* 0.4399***  - 
    NDVI  
(Z61-Z69) 13 -0.1736*** -0.0728ns -0.2537*** -0.044ns -0.184*** 0.2851*** 0.0398ns 0.0938* 0.2046*** 0.1263* 0.4399*** 1***  - 
   NDVI  
(Z75-Z77) 14 -0.0635ns -0.0326ns -0.0966* -0.0337ns -0.0001ns -0.0551ns 0.1073* 0.1084* 0.0868ns 0.2279*** 0.2676*** 0.2636*** 0.2636***  - 
  Screenings 15 0.2346*** 0.0068ns 0.1531*** 0.0373ns 0.1234* -0.0639ns -0.128* 0.2595*** 0.0681ns 0.1829*** -0.1066* -0.1461** -0.1461** -0.0722ns - 
 Yield 16 -0.2853*** -0.1948*** -0.1257* -0.2928*** -0.2101*** 0.0099ns -0.1626*** 0.5103*** 0.3719*** 0.429*** 0.1354** 0.1859*** 0.1859*** 0.0799ns -0.0103ns - 
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Fig. 3.1: Correlation between heading days and grain yield (t/ha) among bread wheat 
parents (blue triangles) and their progeny in E1 (irrigated). Red circles indicate progeny 
that have significantly (P<0.05) higher grain yield compared to their bread wheat 
parent.* = significance at P < 0.05 and ns = not significant 
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Fig. 3.2: Correlation between canopy temperature (°C) and grain yield (t/ha) among 
bread wheat parents (blue triangles) and their progeny in E1 (irrigated). Circles indicate 
DH lines with significant (P<0.05) higher grain yield than their bread wheat parent.  
* = significance at P < 0.05 and ns = not significant 
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3.3.2 Environment 2 (E2): rainfed (2014)  
Analysis of E2 indicated that genotypic effects for all traits were significant 
(Table 3.9). The correlation coefficients between all traits evaluated in E2 are presented 
in Table 3.10. A negative correlation was observed between heading days and TKW 
(thousand kernel weight) (P < 0.001; r = -0.30) and the correlations in each population 
are presented in Figure 3.3. Significant correlations between these traits were only 
observed in the 2-49/Cunningham//Kennedy and DBW16 populations. Heading days in 
2-49/Cunningham//Kennedy and DBW16 populations explained 49% and 31% of the 
variation TKW respectively with lines with earlier heading tending to have high TKW, 
whereas in the Sokoll population there was a significant positive correlation between 
these traits and 30% of the variation in heading days was explained by TKW. Therefore, 
the opposite relationship observed where lines with later heading tending high TKW. 
The circled lines had significantly higher TKW (P<0.05) compared to their bread wheat 
parents in E2 (Figures 3.3a, d, f, g, and h). Positive correlations are observed between 
TKW and CCI (Chlorophyll content index) assessed at heading (P<0.001; r = 0.4) and 
anthesis (P< 0.001; r = 0.46) stages.  
Negative correlations were found between TKW with yield (P<0.05; r = -0.14), 
NDVI assessed at heading (P<0.01; r = -0.21) and early grain filling (P<0.001; r = -
0.35) stages. A negative relationship observed between yield and CCI assessed at 
heading (P<0.001; r = -0.32) and anthesis (P<0.001; r = -0.24) stages (Table 3.10). 
Therefore, some lines with high yield tend to have lower TKW and CCI at the heading 
and anthesis stages in E2 (rainfed) environment. A negative correlation was observed 
between grain filling period and heading days (P<0.001; r = -0.75), indicating that lines 
that had longer grain filling period also had faster heading. A positive correlation was 
observed between heading and maturity (P<0.001; r = 0.73). The same trends were 
observed in NDVI (Z71-Z73) during grain filling stage with heading days (P<0.001; r = 
0.5) and maturity days (P<0.001; r = 0.65). Lines that had later heading and maturity 
days also had higher canopy size at the grain filling stage and higher vegetative 
greeness. A negative correlation was found between grain yield and GFP (P<0.001; r = -
0.23) and the correlations in each population are presented in Figure 3.4. Only the 
DBW16 derivative line population (Figure 3.4a) had a significant (positive) correlation. 
Approximately 26% of the variation in yield was explained by the variation of GFP in 
this population in E2 (rainfed). 
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Table 3.9: Wald statistics from the tests of fixed effects for evaluated traits in E2 (2014) 
Traits Wald statistic n.d.f. F  d.d.f. F pr 
TKW 1858.24 202 9.19 80.1 <0.001 
Ground cover rate 627.36 202 3.16 51.1 <0.001 
CCI (Z61-Z69) 523.26 202 2.6 65.9 <0.001 
CCI (Z55-Z59) 502.93 202 2.49 71.1 <0.001 
NDVI (Z51-Z59) 331.57 202 1.66 60.2 0.011 
NDVI (Z71-Z73) 608.61 202 3.04 58 <0.001 
Heading days 1257.79 202 6.19 86.9 <0.001 
Yield (t/ha) 800.12 202 4.01 51.6 <0.001 
Plant height (cm) 367.88 202 1.82 68.1 0.002 
CT (Z55-Z59) 574.17 202 2.87 65.9 <0.001 
Maturity days 4908.73 202 24.7 47.2 <0.001 
GFP 571.61 202 2.82 79 <0.001 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference      
vegetative index; Heading days, sowing to 50% heading; CT, canopy temperature. Means for 480 
lines for all traits in E2 were included at Appendix II 
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Table 3.10: Correlation coefficient between traits in environment two (E2, rainfed) in 2014 
Traits   1 2 3 4 5 6 7 8 9 10 11 12 
Ground cover 1 - 
           TKW 2 -0.2084** - 
          CCI (Z61-Z69) 3 -0.2571*** 0.4649*** - 
         CCI (Z55-Z59) 4 -0.106ns 0.4035*** 0.5498*** - 
        CT (Z55-Z59) 5 0.1644* 0.0275ns 0.0318ns 0.1509* - 
       GFP 6 0.1058ns -0.0086ns 0.0244ns 0.0917ns -0.0213ns - 
      Maturity days 7 0.1686ns -0.4797*** -0.2593*** -0.0974ns -0.0832ns -0.108ns - 
     NDVI (Z51-Z59) 8 -0.0067ns -0.209** -0.0809ns -0.1205ns -0.0325ns 0.0596ns 0.1292ns - 
    NDVI (Z71-Z73) 9 0.1313ns -0.349*** -0.1487* 0.0215ns 0.0446ns -0.0979ns 0.6503*** 0.1843* - 
   Yield 10 0.0853ns -0.1412* -0.2434*** -0.3238*** 0.0582ns -0.2326*** -0.0467ns 0.0122ns 0.0614ns - 
  Plant height 11 0.155* -0.0392ns 0.0642ns 0.2288** -0.0476ns -0.0272ns 0.4358*** -0.1504* 0.2355*** -0.0021ns - 
 Heading days 12 0.0367ns -0.3024*** -0.1873* -0.1277ns -0.0469ns -0.7549*** 0.7308*** 0.0492ns 0.4953*** 0.1262ns 0.3024*** - 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation index; CT, canopy temperature; GFP, grain 
filling period. *, **, *** = significance at P < 0.05, P < 0.01, P <0.001 respectively, and ns = not significant 
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Fig. 3.3: Correlation between heading days and TKW (g) among bread wheat parents 
(blue triangles) and their progeny in E2. The red circles indicate DH lines with 
significantly (P<0.05) higher TKW than their bread wheat parent. *, **, *** = 
significance at P < 0.05, P < 0.01, P < 0.001 respectively, and ns = not significant 
45 
 
 
3 5 4 0 4 5
3 .5
4 .0
4 .5
D B W 1 6  d e r iv a t iv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  0 .0 5 2 9 *X  +  1 .9 8 2
R
2
 =  0 .2 6
P =  **
3 4 3 6 3 8 4 0 4 2 4 4
3 .0
3 .5
4 .0
4 .5
5 .0
B e rk u t d e r iv a t iv e s
G F
Y
ie
ld
 (
t/
h
a
)
y  =  0 .0 0 9 3 4 8 *X  +  3 .6 6 3
R
2
 =  0 .0 0 2
P =  n s
3 5 4 0 4 5 5 0
2 .0
2 .5
3 .0
3 .5
4 .0
2 -4 9 /C U N N //K E N N  d e r iv a t iv e s
G F P  (d a y s )
Y
ie
ld
 (
t/
h
a
)
y  =  -0 .0 2 5 6 2 *X  +  4 .0 5 3
R
2
 =  0 .0 3
P =  n s
3 0 3 5 4 0 4 5
3 .0
3 .5
4 .0
4 .5
5 .0
D B W 1 7  d e r iv a t iv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  -0 .0 0 7 2 5 4 *X  +  4 .1 8 9
R
2
 =  0 .0 2
P =  n s
3 0 3 5 4 0 4 5
3 .0
3 .5
4 .0
4 .5
5 .0
P B W 5 0 2  d e r iv a tiv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  0 .0 0 1 8 7 7 *X  +  3 .9 3 1
R
2
 =  0 .0 0 0 3
P =  n s
3 4 3 6 3 8 4 0 4 2 4 4
3 .4
3 .6
3 .8
4 .0
4 .2
4 .4
4 .6
P B W 5 5 0  d e r iv a tiv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  0 .0 1 6 7 6 *X  +  3 .3 1 2
R
2
 =  0 .0 1 3
P =  n s
3 2 3 4 3 6 3 8 4 0 4 2
3 .5
4 .0
4 .5
S o k o ll d e r iv a tiv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  -0 .0 0 8 5 2 3 *X  +  4 .1 2
R
2
 =  0 .0 0 4
P =  n s
3 4 3 6 3 8 4 0 4 2
2 .5
3 .0
3 .5
4 .0
4 .5
T .D IC O C C O N P 1 9 4 6 2 5 /A E .S Q U A R R O S A  d e r iv a t iv e s
G F P
Y
ie
ld
 (
t/
h
a
)
y  =  0 .1 1 8 7 *X  -  0 .9 4 8 2
R
2
 =  0 .4 4
P =  n s
a b
c d
e f
g h
 
Fig. 3.4: Correlation between grain yield and grain filling period (GFP) among bread 
wheat parents (blue triangles) and their progeny in E2. Circles indicate DH line with 
significantly (P<0.05) higher grain yield than their bread wheat parent. ** = 
significance at P < 0.01 and ns = not significant 
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3.3.3 Environment 3 (E3): irrigated (2014) 
Significant genotype effects for all traits were observed in E3 (Table 3.11). The 
correlation among all traits evaluated in E3 are presented in Table 3.12. A negative 
correlation was observed between TKW and maturity days (P<0.001; r = -0.37) and 
relationship between these traits in each population are presented in Figure 3.5. Only 
Berkut and Sokoll derivatives showed significant relationship between these traits with 
31% and 14% of the variation of TKW is explained by the variation of maturity days 
respectively. The red circles indicate progenies with significantly (P<0.05) higher TKW 
compared to bread wheat parent (Figures 3.5a, c, f-h). A positive correlation was 
observed between TKW and CCI assessed at heading (Z55-Z59; P<0.001; r = 0.32) and 
anthesis (Z61-Z69; P<0.001; r = 0.51). Surprisingly, there is no significant correlation 
among each population was observed between TKW and CCI at anthesis stage (Figure 
3.6). Therefore, the correlation is only significant when all population were analysed 
together. The red circles indicate progenies with significant (P<0.05) higher TKW 
compared to their bread wheat parent (Figures 3.6a, c-d, g-h).  
 Negative correlations between heading days and CT at heading stage (Z55-Z59; 
P<0.01; r = -0.21) and GFP (P<0.001; r = -0.94) (Table 3.12) were observed in E3, 
indicating progenies with later heading date will have high possibility of shorter grain 
filling period and less probability to have cooler canopy temperature. The same trends 
observed between NDVI at grain filling stage (Z71-Z73) and TKW (P<0.001; r = -
0.39), indicates genotypes with higher green area tended to have high TKW. In contrast, 
positive correlations between NDVI (Z71-Z73) and maturity days (P<0.001; r = 0.43) 
indicate the higher green area during grain filling period, the later maturity dates 
observed in E3. A negative correlation was recorded between plant height and CT at 
heading stage (P< 0.01; r = -0.22). There was a positive relationship between plant 
height and heading days (P<0.001; r = 0.51) in E3. These correlations would explain 
that some taller genotypes would also have later heading date and cooler canopy 
temperature in E3.   
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Table 3.11: Wald statistics from the tests of fixed effects for traits evaluated in E3  
       (2014) 
Traits Wald statistic n.d.f. F statistic d.d.f. F pr 
TKW 3341.7 202 16.81 51.2 <0.001 
Ground cover rate 1038.7 202 5.16 97.6 <0.001 
CCI (Z61-Z69) 558.96 202 2.78 59 <0.001 
CCI (Z55-Z59) 434.33 202 2.15 67.6 <0.001 
NDVI (Z51-Z59) 506.93 202 2.54 56.5 <0.001 
NDVI (Z71-Z73) 319.75 202 1.6 56.7 0.019 
Heading days 1718.05 202 8.51 69.1 <0.001 
Yield (t/ha) 1482.21 202 7.39 79.3 <0.001 
Plant height (cm) 564.04 202 2.8 68.8 <0.001 
CT (Z55-Z59) 485.29 202 2.42 69.9 <0.001 
Maturity days 4433.02 202 22.1 61.9 <0.001 
GFP 1091.5 202 5.42 65.2 <0.001 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference 
vegetative index; Heading days, sowing to 50% heading; CT, canopy temperature. Means for 480 lines 
for all traits in E3 were included at Appendix II. 
 
 
 
 
 
 
 
 
 
 
48 
 
Table 3.12: Correlation coefficient between traits in environment three (E3) in 2014 
Traits 
 
1 2 3 4 5 6 7 8 9 10 11 12 
TKW 1 - 
           Maturity days 2 -0.3714*** - 
          Ground cover 3 -0.1234ns 0.0182ns - 
         CCI (Z61-Z69) 4 0.5067*** -0.2815*** -0.0376ns - 
        CCI (Z55-Z59) 5 0.3212*** -0.1044ns 0.029ns 0.5854*** - 
       CT (Z55-Z59) 6 0.0562ns -0.1662ns 0.0251ns 0.0004ns 0.0843ns - 
      GFP 7 0.0624ns -0.4554*** 0.0129ns 0.1139ns -0.0116ns 0.1859* - 
     NDVI (Z51-
Z59) 
8 -0.1447* 0.3305*** 0.1485* -0.2036** -0.0603ns 0.0411ns -0.3711*** - 
    NDVI (Z71-
Z73) 
9 -0.387*** 0.4318*** 0.0663ns -0.2586*** -0.1667* 0.039ns -0.0911ns 0.1204ns - 
   Yield 10 -0.0578ns -0.1216ns 0.001ns -0.0582ns -0.0806ns -0.115ns -0.1722* -0.0472ns 0.1463* - 
  Plant height 11 -0.0107ns 0.588*** 0.1507* -0.0471ns 0.1012ns -0.2208** -0.3624*** 0.238*** 0.1167ns -0.0682ns - 
 Heading days 12 -0.1893* 0.7325*** 0.0019ns -0.193* -0.0278ns -0.2115** -0.9371*** 0.4131*** 0.2357*** 0.0926ns 0.5089*** - 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation index; CT, canopy temperature; GFP, grain filling period.  
*, **, *** = significance at P < 0.05, P < 0.01, P <0.001 respectively, and ns = not significant. 
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Fig. 3.5: Correlations between TKW and maturity days among bread wheat parents 
(blue triangles) and their progeny in E3. The red circles indicate DH line indicate 
significantly (P<0.05) higher TKW than their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001, and ns = not significant 
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Fig. 3.6: Correlations between TKW and CCI (anthesis stage) among bread wheat 
parents (blue triangles) and their progeny in E3. The red circles indicate DH line with 
significantly (P<0.05) higher TKW than their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001 respectively, and ns = not significant 
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3.3.4 Environment 4 (E4): rainfed (2015) 
Analysis of the E4 experiment indicated significant genotype effects for all traits 
evaluated (Table 3.13). The correlations among all traits are presented in Table 3.14. A 
negative correlation was observed between grain yield and screenings (P<0.001; r = -
0.36) and the relationship in each population were presented in Figure 3.7. Significant 
relationships were observed only in the Berkut population (Figure 3.7b) and red squares 
indicate lines with lower screening compared to bread wheat parent (Figure 3.7h). A 
positive correlation was observed between TKW and CCI assessed at grain filling stage 
(Z71-Z77; P<0.001; r = 0.43) and grain yield (P<0.001; r = 0.32), but, negative 
correlations were observed between TKW and screening (P<0.001; r = -0.63), NDVI at 
elongation stage (P<0.001; r = -0.33), heading days (P<0.001; r = -0.39) and maturity 
days (P<0.001; r = -0.49). Correlation between TKW and screenings in each population 
are presented in Figure 3.8 and the red circles indicate progenies with significantly 
(P<0.05) higher TKW to their bread wheat parent. Only Berkut population had 
significant association (Figure 3.8b) for this relationship. Higher yield in progenies 
compared to bread wheat parent in 2-49/Cunningham//Kennedy, Sokoll and 
T.dicocconP194625/Ae.squarrosa populations (Figures 3.7a, g and h) is due to higher 
TKW than their bread wheat parent (Figures 3.8a, g and h). A negative correlation 
between heading days and GFP (P<0.001; r = -0.68) was observed and this indicates 
genotypes with later heading date tended to have shorter grain filling periods. The same 
trends were observed between CCI (Z71-Z77) and screening (P<0.001; r = -0.33) where 
genotypes that had higher greenness at grain filling stage tend to have low screenings in 
E4 (rainfed) environment.  
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Table 3.13: Wald statistics from the tests of fixed effects for traits evaluated in E4  
       (2015) 
Traits Wald statistic n.d.f. 
F 
statistic 
d.d.f. F pr 
TKW 6132.14 199 32.16 28.3 <0.001 
CCI (Z71-Z77) 1071.72 199 5.4 40.7 <0.001 
Ground cover  460.25 199 2.45 22.4 0.007 
GFP 342.4 199 1.79 23.6 0.047 
Plant height 946.33 199 5.09 19.5 <0.001 
Maturity days 992.47 199 5.29 21.6 <0.001 
NDVI (Z35-Z37) 499.71 195 3.15 8.8 0.033 
NDVI (Z22-Z25) 456.3 196 2.84 9.1 0.043 
NDVI (Z51-Z59) 483.14 199 2.56 22.6 0.005 
Screenings 992.66 199 5.31 20.4 <0.001 
Heading days 1451.84 199 7.83 19.2 <0.001 
Yield  642.14 199 3.39 26 <0.001 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference   
vegetative index; Heading days, sowing to 50% heading. Means for 480 lines for all traits in E3 were 
included at Appendix II 
53 
 
Table 3.14: Correlation coefficient between traits in E4 (2015) 
Traits 
 
1 2 3 4 5 6 7 8 9 10 11 12 
TKW 1 - 
           CCI (Z71-Z77) 2 0.4311*** - 
          Ground cover  3 -0.0631ns 0.0141ns - 
         GFP 4 0.0583ns -0.0796ns 0.0899ns - 
        Plant height 5 0.0747ns 0.2347*** 0.0878ns -0.0068ns - 
       Maturity days 6 -0.4877*** -0.144ns 0.039ns 0.0409ns 0.3064*** - 
      NDVI (Z35-Z37) 7 -0.3335*** -0.2015** 0.0949ns -0.2864*** -0.0817ns 0.216** - 
     NDVI (Z22-Z25) 8 0.0332ns 0.0629ns 0.2561*** 0.0863ns 0.141ns 0.1218ns -0.0532ns - 
    NDVI (Z51-Z59) 9 -0.1497* -0.1821* -0.0009ns 0.0431ns -0.2248** 0.0438ns 0.1305ns 0.0345ns - 
   Screening 10 -0.6325*** -0.3305*** -0.0113ns -0.0778ns 0.023ns 0.5799*** 0.0805ns 0.0627ns 0.1267ns - 
  Heading days 11 -0.3864*** -0.057ns -0.0234ns -0.6823*** 0.2523*** 0.676*** 0.3575*** 0.0251ns -0.0248ns 0.4491*** - 
 
Yield  12 0.3241*** 0.2666*** -0.0972ns -0.031ns -0.0357ns -0.1326ns 0.0775ns -0.0669ns 0.0494ns -0.3641*** -0.0822ns - 
TKW, thousand kernel weight; CCI, Chlorophyll content index; NDVI, normalize difference vegetation index. *, **, *** = significance at P < 0.05, P < 0.01, P <0.001 
respectively, and ns = not significant 
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Fig. 3.7: Correlations between yield and screenings (%) among bread wheat parents 
(blue triangles) and their progeny in E4. The red square indicate DH lines with 
significantly (P<0.05) lower screenings to their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001 and ns = not significant 
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Fig. 3.8: Correlations between TKW and screenings (%) among bread wheat parents 
(blue triangles) and their progeny in E4. The red circles indicate DH lines with 
significantly (P<0.05) higher TKW than their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001 and ns = not significant 
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3.3.5 Environment 5 (E5): irrigated (2015) 
Analysis of the E5 experiment indicated significant genotype effects for all traits 
evaluated with the exception of GFP and NDVI (Z22-Z25) (Table 3.15). The 
correlations between traits in E5 are presented in Table 3.16. A positive correlation 
between screening and heading days (P<0.001; r = 0.57) was observed and relationships 
in each population are presented in Figure 3.9. Significant relationship for these traits 
was observed in Berkut and T.dicocconP194625/Ae.squarrosa populations (Figures 
3.9b and h), with genotypes that have later heading days tending to have smaller seeds. 
The red circle indicates progeny with significantly (P<0.05) lower screenings than their 
bread wheat parent (Figure 3.9h). A negative correlation between TKW and maturity 
days (P<0.001; r = -0.55) was observed and the relationships in each population are 
presented in Figure 3.10. Significant relationships for this trait were observed in 2-
49/Cunningham//Kennedy and Berkut populations (Figures 3.10 a-b). The red circles 
indicate genotypes with significantly (P<0.05) higher TKW compared to their bread 
wheat parent (Figures 3.10 a, g, and h).  
Low screenings in progeny compared to bread wheat parent in 2-
49/Cunningham//Kennedy and T.dicocconP194625/Ae.squarrosa population were due 
to high TKW in progeny compared to the bread wheat parents as showed in Figures 3.9 
(a and h) and 3.10 (a and h). Negative correlations between screenings and yield 
(P<0.001; r = -0.37) and TKW (P<0.001; r = -0.68) were observed in E5 (Table 3.16). 
Thus, genotypes with low screenings tend to have high grain yield and TKW. The same 
pattern was observed between heading days and GFP (P<0.001; r = -0.59) where 
genotypes with later heading days tend to have short grain filling period. There was a  
positive correlation between CCI (Z71-Z77) assessed at grain filling stage and TKW 
(P<0.001; r = 0.42) where genotypes with high chlorophyll content tend to have high 
TKW.  
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Table 3.15: Wald statistics from the tests of fixed effects for traits evaluated in E5  
       (2015) 
Traits Wald statistic n.d.f. 
F 
statistic 
d.d.f. F pr 
TKW 10559.36 199 54.8 34.1 <0.001 
CCI (Z71-Z77) 481.37 199 2.49 29.2 0.002 
Ground cover 410.36 199 2.33 13.2 0.041 
GFP 316 199 1.65 26.4 0.064 
Plant height 1424.96 199 7.52 24.2 <0.001 
Maturity days 1049.72 199 5.74 16.8 <0.001 
NDVI (Z35-Z37) 350.14 198 1.77 39.5 0.018 
NDVI (Z22-Z25) 310.04 199 1.68 18.3 0.098 
NDVI (Z51-Z59) 383.56 199 2 30.6 0.012 
Screenings 2544.8 199 13.51 22.3 <0.001 
Heading days 1442.87 199 7.7 21.1 <0.001 
Yield 758.45 199 4.23 14.3 0.002 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference 
vegetative index; Heading days, sowing to 50% heading. Means for 480 lines for all traits in E3 were 
included at Appendix II. 
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Table 3.16: Correlation coefficient between traits in E5 (2015) 
Traits 
 
1 2 3 4 5 6 7 8 9 10 11 12 
TKW 1 - 
           CCI (Z71-Z77) 2 0.4203*** - 
          Ground cover  3 -0.2103** -0.0783ns - 
         GFP 4 -0.1064ns -0.0943ns 0.3418*** - 
        Plant height 5 0.0273s 0.2681*** 0.2061** 0.0975ns - 
       Maturity days 6 -0.547*** -0.0982ns 0.1698ns 0.1342ns 0.395*** - 
      NDVI (Z35-Z37) 7 -0.1884* -0.1733* -0.089ns -0.159* -0.1889* 0.1323ns - 
     NDVI (Z22-Z25) 8 -0.085ns 0.099ns 0.1407ns 0.0423ns 0.2607*** 0.2518*** 0.0166ns - 
    NDVI (Z51-Z59) 9 -0.0692ns -0.2047** 0.1536* -0.0563ns -0.1573* 0.1255ns 0.1022ns 0.056ns - 
   Screenings 10 -0.6829*** -0.221** 0.1436ns -0.116ns 0.1172ns 0.5812*** 0.1312ns 0.215** 0.173* - 
  Heading days 11 -0.3811*** -0.012ns -0.0895ns -0.5912*** 0.2581*** 0.7132*** 0.2063** 0.1803* 0.1384ns 0.566*** - 
 Yield  12 0.1633* -0.0429ns 0.0182ns 0.1816* -0.18* -0.1707* 0.1688* -0.0579ns 0.0072ns -0.3666*** -0.2833*** - 
TKW, thousand kernel weight; CCI, Chlorophyll content index; NDVI, normalize difference vegetation index. *, **, *** = significance at P < 0.05, P < 0.01, P <0.001 
respectively, and ns = not significant 
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Fig. 3.9: Correlations between screenings (%) and heading days among bread wheat 
parents (blue triangles) and their progeny in E5. The red circles indicate DH lines with 
significantly (P<0.05) lower screenings than their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001 and ns = not significant 
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Fig. 3.10: Correlations between TKW and maturity days among bread wheat parents 
(blue triangles) and their progeny in E5. The red circles indicate DH lines with 
significantly (P<0.05) higher TKW than their bread wheat parent. *,**,*** = 
significance at P < 0.05, P < 0.01, P < 0.001 and ns = not significant 
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3.3.6 Paired environments (E2 and E3): 2014 
Analysis of paired environments 2 (rainfed) and 3 (irrigated) in 2014 are 
presented in Table 3.17. Large and significant (P<0.001) genotype effects were 
observed for all traits evaluated in 2014 (Table 3.17). Significant differences were 
observed in environment effects for all traits with the exception of ground cover rate. 
Significant interaction between genotype and environment was observed in all traits 
evaluated in 2014 with the exception of TKW, NDVI (Z71-Z73) at grain filling stage, 
plant height and chlorophyll content index at heading (Z55-Z59) and anthesis (Z61-
Z69) stages. The correlation coefficients between traits in E2 (rainfed) and E3 
(irrigated) are presented in Table 3.18. Positive correlation between the same traits were 
observed in E2 (rainfed) and E3 (irrigated). These traits are ground cover rate (P<0.001; 
r = 0.32), TKW (P<0.001; r = 0.89), chlorophyll content index (CCI) at heading (Z55-
Z59; P<0.001; r = 0.5) and anthesis (Z61-Z69; P<0.001; r = 0.57), GFP, maturity days, 
NDVI (Z51-Z59), NDVI (Z71-Z73), yield, plant height and heading days. Therefore, 
lines that had more chlorophyll, high yield, ground cover rate, TKW, GFP, greenness 
(NDVI), plant height, later heading date and maturity date in rainfed site (E2) will also 
have high values for these traits in the irrigated site (E3) in 2014.  
A comparison of yield (t/ha) between environments in each population is 
presented in Figure 3.11. Overall yield in E3 (irrigated) is higher than in E2 (rainfed) 
environment for all populations (Figure 3.11). There are no significant (P<0.05) 
reduction between environment in grain yield performance at E2 (rainfed) compared to 
E3 (irrigated) observed in Berkut, DBW 17, entries 16, 146, 105, 192, 62, 64, 34, 35, 
170, 171, 90, 91, 92, 96 and 97 (as circles in Figures 3.11b-g and i). The other 
genotypes had significant (P<0.05) differences between environments in yield 
performance. The comparisons of TKW between environments in each population are 
presented in Figure 3.12. High TKW in E3 (irrigated) compared to E2 (rainfed) was 
observed in 2014. Significantly (P<0.05) different between environments and higher 
TKW in E3 compared to E2 in Sokoll, entries 15, 16, 17, 24, 32, 38, 44, 47, 51, 52, 66, 
76, 79, 91, 101, 104, 106, 127, 171, 173 and 178 are observed in 2014 and marked with 
black circles (Figures 3.12a, b and e-i). The comparison of heading days trait between 
environments in each population are presented in Figure 3.13. Overall later heading was 
observed in irrigated (E3) compared to rainfed (E2) environment and the black circles 
indicates genotypes with significant (P<0.05) differences between environments.  
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Table 3.17: Wald statistics from the tests of fixed effects for E2-E3 (2014) 
Traits Source of variation Wald statistic n.d.f. 
F 
statistic 
d.d.f. F pr 
TKW Genotypes 4076.18 202 20.18 194.9 <0.001 
 
Environment 146.15 1 146.15 65.9 <0.001 
 
Genotype x Environment 224.74 202 1.11 246.3 0.215 
Ground cover rate Genotypes 1064.57 202 5.28 169.7 <0.001 
 
Environment 0.1 1 0.1 41.5 0.752 
 
Genotype x Environment 357.35 202 1.77 203 <0.001 
CCI (Z61-Z69) Genotypes 833.8 202 4.12 220.6 <0.001 
 
Environment 6.51 1 6.51 53.5 0.014 
 
Genotype x Environment 215.78 202 1.07 263.6 0.313 
CCI (Z55-Z59) Genotypes 706.11 202 3.49 216.9 <0.001 
 
Environment 6.25 1 6.25 50.9 0.016 
 
Genotype x Environment 232.37 202 1.15 261.6 0.147 
NDVI (Z51-Z59) Genotypes 478.63 202 2.37 191.4 <0.001 
 
Environment 16.3 1 16.3 77.3 <0.001 
 
Genotype x Environment 293.09 202 1.45 230.1 0.003 
NDVI (Z71-Z73) Genotypes 648.7 202 3.21 195 <0.001 
 
Environment 914.08 1 914.08 72.5 <0.001 
 
Genotype x Environment 236.02 202 1.17 242.2 0.124 
Heading days Genotypes 2642.66 202 13.06 245.4 <0.001 
 
Environment 249.99 1 249.99 54.9 <0.001 
 
Genotype x Environment 261.39 202 1.29 276.6 0.025 
Yield (t/ha) Genotypes 1903.58 202 9.43 194.5 <0.001 
 
Environment 207.58 1 207.58 66 <0.001 
 
Genotype x Environment 264.3 202 1.31 227.5 0.024 
Plant height (cm) Genotypes 695.2 202 3.44 232.8 <0.001 
 
Environment 388.93 1 388.93 51.2 <0.001 
 
Genotype x Environment 194.66 202 0.96 269.4 0.615 
CT (Z55-Z59) Genotypes 635.43 202 3.15 203.3 <0.001 
 
Environment 11.94 1 11.94 40.8 0.001 
 
Genotype x Environment 385.42 202 1.91 244.8 <0.001 
Maturity days Genotypes 8593.23 202 42.58 173.7 <0.001 
 
Environment 1920.8 1 1920.8 51.1 <0.001 
 
Genotype x Environment 712.48 202 3.52 231.1 <0.001 
GFP Genotypes 1290.7 202 6.38 228.6 <0.001 
 
Environment 7.66 1 7.66 57.7 0.008 
  Genotype x Environment 310.07 202 1.53 268.2 <0.001 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference      
vegetative index; Heading days, sowing to 50% heading; CT, canopy temperature 
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 Table 3.18: Correlation coefficient between trait in environment E2-E3 (2014) 
       
 
 
 
        
 
 
Traits 
 
1 2 3 4 5 6 7 8 9 10 11 12 
 
Ground cover 1 0.3154*** -0.0839ns -0.1131ns -0.0793ns -0.0023ns -0.0199ns 0.1122ns 0.1774* 0.1648* 0.0942ns 0.1794* 0.0928ns 
 
TKW 2 -0.1979** 0.8785*** 0.4764*** 0.4046*** 0.0441ns -0.0352ns -0.3929*** -0.2388*** -0.3287*** -0.1526* 0.0252ns -0.2322*** 
 
CCI (Z61-Z69) 3 -0.1297ns 0.5372*** 0.5741*** 0.5196*** 0.0694ns -0.1199ns -0.386*** -0.2691*** -0.2932*** -0.1668* 0.0577ns -0.1687* 
 
CCI (Z55-Z59) 4 -0.0639ns 0.3388*** 0.3851*** 0.4955*** 0.1147ns -0.0743ns -0.1397ns -0.1326ns -0.0947ns -0.1574* 0.1558* -0.0407ns 
 
CT (Z55-Z59) 5 0.0783ns 0.1223ns -0.0126ns 0.1138ns 0.0874ns 0.1392ns -0.1309ns 0.088ns 0.114ns -0.1614* -0.051ns -0.1825* 
 
GFP 6 -0.0224ns 0.147* 0.1736* 0.1562* -0.0784ns 0.6261*** -0.4432*** 0.065ns -0.2656*** -0.2685*** -0.1554* -0.7218*** 
 
Maturity days 7 0.0947ns -0.4752*** -0.2466*** -0.0629ns -0.1288ns -0.2201** 0.8753*** 0.0607ns 0.5794*** -0.0819ns 0.3613*** 0.7259*** 
 
NDVI (Z51-
Z59) 8 0.2225** -0.1459* -0.2355*** -0.1652* -0.0524ns -0.3054*** 0.3152*** 0.2065** 0.2167** 0.0885ns 0.143* 0.4141*** 
 
NDVI (Z71-
Z73) 9 -0.0074ns -0.346*** -0.1925* -0.1046ns 0.0039ns -0.0157ns 0.3491*** 0.0867ns 0.4245*** 0.0421ns 0.0492ns 0.2444*** 
 
Yield 10 -0.0234ns -0.1024ns -0.1264ns -0.1842* 0.1142ns -0.281*** -0.2257** -0.0976ns -0.0199ns 0.6603*** -0.2082** 0.0406ns 
 
Plant height 11 0.1992** -0.1326ns 0.0047ns 0.1516* 0.0043ns -0.1927* 0.6415*** -0.0378ns 0.297*** 0.004ns 0.5616*** 0.5522*** 
 
Heading days 12 0.0529ns -0.2906*** -0.2266** -0.1434* 0.0018ns -0.565*** 0.6765*** -0.0269ns 0.4281*** 0.1794* 0.26*** 0.8331*** 
 TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation index. *, **, *** = significance at P < 0.05, P < 0.01, P <0.001 
respectively, and ns = not significant. 
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Fig. 3.11: Comparison of yield (t/ha) between environments among bread wheat parents 
(triangles) and their progeny in 2014. The black circles indicate genotypes that had no 
significant (P<0.05) difference between environments 
65 
 
 
 
2
-4
9
/C
U
N
N
//
K
E
N
N 6
5
1
7
5
6
6
6
7
6
8
6
9
7
0
7
1
7
2
1
7
6
1
7
7
3 0
3 5
4 0
4 5
5 0
5 5
6 0
2 -4 9 /C U N N //K E N N  d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
B
E
R
K
U
T
2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
1
6
6
1
6
7
2
1
2
2
2
3
1
6
4
1
6
5
1
4
1
5
1
6
1
7
1
8
1
9
2
0
1
5
8
1
5
9
1
6
0
1
6
1
1
6
2
1
6
3
2 5
3 0
3 5
4 0
4 5
5 0
B e rk u t d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
D
B
W
1
6
1
4
6
1
4
7
1
4
8
1
4
9
1
5
0
1
5
1
1
5
2
1
5
3
1
5
4
1
5
5
1
9
6
1
9
7
1
3
5
1
3
6
1
3
7
1
3
8
1
3
9
1
4
0
1
4
1
1
4
2
1
4
3
1
4
4
1
4
5
1
9
4
1
9
5
3 5
4 0
4 5
5 0
5 5
D B W 1 6  d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
D B W 1 7 1 5 7 1 5 6 1 9 8 1 9 9 2 0 0
3 0
3 5
4 0
4 5
D B W  1 7  d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
P
B
W
5
0
2
1
0
6
1
0
7
1
0
8
1
0
9
1
1
0
1
1
1
1
1
2
1
1
3
1
1
4
1
1
5
1
1
6
1
8
7
1
8
8
9
8
9
9
1
0
0
1
0
1
1
0
2
1
0
3
1
0
4
1
0
5
1
8
5
1
8
6
3 5
4 0
4 5
5 0
P B W  5 0 2  d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
P
B
W
5
5
0
1
1
7
1
1
8
1
1
9
1
2
0
1
2
1
1
2
2
1
2
3
1
8
9
1
9
0
1
9
1
1
2
4
1
2
5
1
2
6
1
2
7
1
2
8
1
2
9
1
3
0
1
3
1
1
3
2
1
3
3
1
3
4
1
9
2
1
9
3
3 0
3 5
4 0
4 5
5 0
P B W 5 5 0
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
S
O
K
O
L
L
5
4
5
5
5
6
5
7
5
8
5
9
6
0
6
1
6
2
6
3
6
4
3
2
3
3
3
4
3
5
3
6
3
7
3
8
3
9
4
0
4
1
4
2
4
3
1
6
8
1
6
9
4
4
4
5
4
6
4
7
4
8
4
9
5
0
5
1
5
2
5
3
1
7
0
1
7
1
1
7
2
1
7
3
1
7
4
3 0
3 5
4 0
4 5
5 0
5 5
S o k o ll d e r iv a tiv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
T
.D
IC
O
C
/A
E
.S
Q 7
3
7
4
1
7
8
1
7
9
7
5
7
6
3 0
3 5
4 0
4 5
5 0
T .D IC O C C O N P 1 9 4 6 2 5 /A E .S Q U A R R O S A  d e r iv a t iv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
8
6
8
7
8
8
8
9
9
0
9
1
9
2
9
3
9
4
9
5
9
6
9
7
1
8
4
7
7
7
8
7
9
8
0
8
1
8
2
8
3
8
4
8
5
1
8
0
1
8
1
1
8
2
1
8
3
3 0
3 5
4 0
4 5
W a x w in g *2 /K ir ita t i  d e r iv a tiv e s
G e n o ty p e s
T
K
W
 
(
g
)
E 2
E 3
a b c
d e
f
g
h i
 
Fig. 3.12: Comparison in TKW (g) between environments among bread wheat parents 
(triangles) and their progeny in 2014. The black circles indicate genotypes with 
significant (P<0.05) differences between environments 
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Fig. 3.13: Comparison in heading days between environments among bread wheat 
parents (triangles) and their progeny in 2014. The black circles indicate genotypes that 
had significant (P<0.05) differences between environment 
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3.3.7 Paired environments (E4 and E5): 2015 
Highly significant (P<0.001) differences were observed in genotypic effects for 
paired analysis for 2015 trial (E4-E5), as presented in Table 3.19. Environment effects 
were significant for all traits except NDVI at tillering stage (Z22-Z25) due to this trait 
being in the early season where less drought stress was observed. There were significant 
differences in genotype x environment interactions for all traits evaluated in 2015 (E4-
E5) with the exception of plant height, GFP, maturity days and NDVI at stem 
elongation stage (Z35-Z37) as presented in Table 3.19. The correlation between 
environments for each trait are presented in Table 3.20. Positive correlations were 
observed between environments (E4-E5) in TKW (P<0.001; r = 0.94), plant height 
(P<0.001; r  = 0.54), maturity days (P<0.001; r = 0.73), screenings (P<0.001; r = 0.75), 
heading days (P<0.001; r = 0.74), yield (P<0.001; r = 0.4) and CCI (Z71-Z77) at grain 
filling stage (P<0.001; r = 0.59). 
The comparisons of yield (t/ha) between environments in each population are 
presented in Figure 3.14. Overall grain yield is higher in E5 (irrigated) compared to E4 
(rainfed) site for all population but not many genotypes showed significant differences 
between these environments. It is maybe due to higher rainfall amount in 2015 than 
2014 (Figures 4.2b-c), with subsequent less drought stress. The black circles indicates 
genotypes that had significantly (P<0.05) higher grain yield in irrigated (E5) site than in 
the rainfed (E4) site (Figures 3.14b-c and e-h) and the others had no significant 
differences between environments. The comparisons of TKW between environments in 
each population are presented in Figure 3.15. Overall TKW is higher in E5 (irrigated) 
compared to E4 (rainfed) site for all population but very few significant differences 
between environments were observed. Only genotypes with entries 31, 171 and 173 as 
circles in Figures 3.15 b and g had significantly (P<0.05) different TKW between 
environments. The comparison in screenings (%) between environments in each 
population are presented in Figure 3.16. Overall high screenings (%) in E4 (rainfed) 
compared to E5 (irrigated) was observed. The black circles indicates genotypes with 
significantly (P<0.05) higher screenings in E4 compared to E5 (Figures 3.16a-e and g-
i). The PBW 550 derivative lines did not showed any significant different in screenings 
between environments (Figure 3.16f). The comparison in heading days between 
68 
 
environments in each population are presented in Figure 3.17. The black circles 
indicates genotypes with significant (P<0.05) differences between environments 
(Figures 3.17a-c and e-i).  
Table 3.19: Wald statistics from the tests of fixed effects for traits evaluated in E4-E5  
      (2015) 
Traits Source of Variation Wald statistic n.d.f. F statistic d.d.f. F pr 
TKW Genotypes 14291.85 199 71.97 128.5 <0.001 
 
Environment 5.77 1 5.77 48.3 0.02 
 
Genotype x Environment 297.74 199 1.5 142.9 0.005 
CCI (Z71-Z77) Genotypes 1056.63 199 5.29 187.1 <0.001 
 
Environment 6.5 1 6.5 40.4 0.015 
 
Genotype x Environment 270.92 199 1.36 193.4 0.017 
Ground cover rate Genotypes 576.82 199 2.92 86.7 <0.001 
 
Environment 6.43 1 6.43 34.3 0.016 
 
Genotype x Environment 303.37 199 1.53 124.3 0.005 
GFP Genotypes 474.03 199 2.39 112.5 <0.001 
 
Environment 4.78 1 4.78 36.6 0.035 
 
Genotype x Environment 185.8 199 0.93 155.3 0.682 
Plant height Genotypes 1893.28 199 9.56 99.7 <0.001 
 
Environment 26.9 1 26.9 43.2 <0.001 
 
Genotype x Environment 256.8 199 1.29 136.5 0.055 
Maturity days Genotypes 1872.84 199 9.46 97.9 <0.001 
 
Environment 30.37 1 30.37 41.3 <0.001 
 
Genotype x Environment 251.68 199 1.27 133.4 0.072 
NDVI (Z35-Z37) Genotypes 523.77 199 2.65 78.8 <0.001 
 
Environment 95.99 1 95.99 30.9 <0.001 
 
Genotype x Environment 219.74 194 1.13 125.3 0.23 
NDVI (Z22-Z25) Genotypes 391.21 199 1.98 80 <0.001 
 
Environment 0.28 1 0.28 47.9 0.596 
 
Genotype x Environment 286.72 196 1.47 111.2 0.013 
NDVI (Z51-Z59) Genotypes 515.04 199 2.6 124.1 <0.001 
 
Environment 17.72 1 17.72 62.7 <0.001 
 
Genotype x Environment 262 199 1.32 151.3 0.037 
Screenings Genotypes 2221.36 199 11.21 101.7 <0.001 
 
Environment 150.96 1 150.96 43.5 <0.001 
 
Genotype x Environment 301.93 199 1.52 146.3 0.004 
Heading days Genotypes 2591.2 199 13.08 97.5 <0.001 
 
Environment 25.38 1 25.38 38.9 <0.001 
 
Genotype x Environment 289.12 199 1.45 134.2 0.01 
Yield  Genotypes 780.59 199 3.94 106.2 <0.001 
 
Environment 19.1 1 19.1 47.5 <0.001 
 Genotype x Environment 298.8 199 1.5 138.7 0.005 
Note: TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalize difference      
vegetative index; GFP, grain filling period; Heading days, sowing to 50% heading  
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Table 3.20: Correlation coefficient between traits in environment E4-E5 (2015) 
       
 
 
 
       
 
Traits 
 
1 2 3 4 5 6 7 8 9 10 11 12 
 
 
 
TKW 1 0.9405*** 0.459*** -0.243*** -0.1078ns 0.0035ns -0.5725*** -0.1987** -0.1013ns -0.0956ns -0.6444*** -0.4003*** 0.1157ns 
 
CCI (Z71-Z77) 2 0.4123*** 0.5879*** 0.0574ns -0.0385ns 0.2127** -0.1713* -0.188* -0.0009ns -0.1217ns -0.2475*** -0.1106ns -0.0235ns 
 
Ground cover  3 -0.0547ns 0.0445ns 0.1657* 0.0247ns 0.0476ns 0.0077ns -0.1089ns 0.0615ns -0.0195ns -0.0403ns -0.0077ns 0.0334ns 
 
GFP 4 0.0886ns -0.1928* 0.2123** 0.3495*** 0.0238ns -0.1875* -0.2267** 0.0572ns 0.0069ns -0.1656* -0.3963*** 0.0395ns 
 
Plant height 5 0.0584ns 0.176* 0.1323ns -0.0308ns 0.537*** 0.1981* -0.0913ns 0.2177** -0.0865ns 0.0405ns 0.1894* -0.1263ns 
 
Maturity days 6 -0.4699*** -0.0823ns 0.208** -0.0571ns 0.3986*** 0.7326*** 0.1815* 0.266*** 0.1085ns 0.5609*** 0.6363*** -0.283*** 
 
NDVI (Z35-Z37) 7 -0.3382*** -0.1319ns 0.058ns -0.1717* -0.2105** 0.2185** 0.3447*** -0.0727ns 0.1769* 0.1434* 0.2909*** 0.131ns 
 
NDVI (Z22-Z25) 8 0.0084ns 0.1323ns 0.2237** 0.0727ns 0.2402*** 0.0597ns -0.1592* 0.1381ns -0.062ns 0.0429ns 0.0112ns -0.1329ns 
 
NDVI (Z51-Z59) 9 -0.1387ns -0.2254** 0.1287ns -0.091ns -0.1989* -0.0012ns 0.0925ns 0.0718ns 0.2489*** 0.1803* 0.0663ns 0.0862ns 
 
Screenings 10 -0.587*** -0.2073** 0.1846* -0.0442ns 0.1649* 0.6231*** 0.0718ns 0.2645*** 0.165* 0.7496*** 0.546*** -0.2608*** 
 
Heading days 11 -0.4009*** 0.0532ns -0.0182ns -0.2889*** 0.275*** 0.6628*** 0.2782*** 0.1445* 0.0664ns 0.5173*** 0.7402*** -0.2439*** 
 
Yield  12 0.2444*** 0.1647* -0.0576ns -0.0201ns -0.1954* -0.2499*** 0.0832ns -0.0732ns -0.146* -0.3185*** -0.215** 0.3919*** 
TKW, thousand kernel weight; CCI, Chlorophyll content index; NDVI, normalize difference vegetation index. *, **, *** = significance at P < 0.05, P < 0.01, P 
<0.001 respectively, and ns = not significant. 
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Fig. 3.14: Comparison in yield (t/ha) between environments among bread wheat parents 
(triangles) and their progeny in 2015. The black circles indicate genotypes with significant 
(P<0.05) differences between environments
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Fig. 3.15: Comparison in TKW (g) between environments among bread wheat parents 
(triangles) and their progeny in 2015. The black circles indicate genotypes significantly 
(P<0.05) different between environments 
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Fig. 3.16: Comparison in screenings (%) between environments among bread wheat 
parents (triangles) and their progeny in 2015. The black circles indicate genotypes with 
significantly (P<0.05) different screenings between environments 
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Fig. 3.17: Comparison in heading days between environments among bread wheat 
parents (triangles) and their progeny in 2015. The black circles indicate genotypes with 
significantly (P<0.05) different heading days between environments 
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a. The performance of the sixteen selected genotypes in 2015 
The 16 selected genotypes (based on contrast performance on yield in E2 
(rainfed) and E3 (irrigated) in 2014 trial) were sown in E4 and E5 and significant 
differences were noted among genotypes for traits including osmotic potential, osmotic 
adjustment (Table 3.21), ratio of internal CO2 concentration to ambient CO2 (Ci/Ca), 
intrinsic water use efficiency (WUEintr = A/ gs), photosynthesis (A), stomatal 
conductance (gs), transpiration (E), leaf length, leaf width, light interception (LI %) and 
instantaneous WUE (WUEi) (Chapter 4, Table 4.4). The ratio Ci/Ca, WUEintr, 
photosynthesis (A), stomatal conductance (gs), transpiration (E), leaf length, leaf width, 
light interception (LI %) and instantaneous WUE (WUEi) will be discussed in Chapter 
4. A significant difference in environment (P<0.001) and genotype by environment 
interaction (P<0.05) was observed in osmotic potential (Table 3.21). The observed 
heritability for osmotic potential of 0.63 is moderate. All the bread wheat parents had 
higher osmotic adjustment compared to their progenies with the exception of entry 16 
which was significantly higher (P<0.05) than its bread parent, Berkut (Table 3.22). 
Water availability (this method is described in Chapter 4) at the plots of entry 16 and its 
interaction between environment, depth and crop stages presented at Table 3.23. 
Significant differences were observed in all sources of variation. Overall entry 16 
extracted more soil water in rainfed (E4) compared to the irrigated (E5) environment 
down to 134 cm at booting (Z45) stage (Figure 3.18a). Whereas, it only extracted soil 
water down to 100 cm due to rainfall on the night before measurement of about 3.6 mm 
(Figure 3.18b). Osmotic potential in entries 104 and 150 are significantly (P<0.05) 
higher than their bread wheat parents in E4 (Table 3.22). In E5, osmotic potential in 
entries 16, 146 and 86 were significantly (P<0.05) different from their bread wheat 
parents as shown in Table 3.22.  
The comparison between environments for osmotic potential in 16 selected 
genotypes included their bread wheat parents are showed in Figure 3.19a and the black 
circles indicate genotypes with significant differences between the environments. Only 
Berkut and its progeny entry 16 had significant differences between environments in 
canopy temperature at the heading stage (Figure 3.19b). The chlorophyll content index 
at grain filling stage for Berkut, Sokoll and entry 146 were significantly different 
between environments (Figure 3.19c) and no differences were observed in all 16 
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selected genotypes in NDVI at heading stage (Figure 3.19d). Berkut, DBW 17, entries 
16, 64 and 146 also had no significant differences in yield between environment in 2014 
(the black circles in Figures 3.11b-d and g) where drought stress was higher than in 
2015. Significant (P<0.05) differences between environments in 2014 were observed for 
Sokoll, entries 16 and 104 for the TKW trait (the black circles in Figures 3.12b, e and g) 
and not in 2015. Significantly different heading days between environment in 2014 
were observed for entries 150, 103, 109, 112 and 64 (the black circles in Figures 3.13c, 
e and g) and not in 2015. Significantly (P<0.05) differences between environments were 
observed in screenings between Waxwing*2/Kiritati T.dicocconP194625/Ae.squarrosa, 
and entries 104 and 146 in 2015 (the black circles in Figures 3.16 c, e, h and i).  
 
Table 3.21: Independent analysis of osmotic potential (OP) and osmotic adjustment 
(OA) for 21 genotypes (16 selected lines with all bread parents included for 
comparison) 
      Traits     
 
  OP   OA   
Source of variation d.f. Wald  F Wald  F 
Genotype 20 92.97 4.65 40.26 2.01 
 
  
*** 
 
** 
Environment 1 142.22 142.22 na na 
 
  
*** 
  Genotype x environment 20 40.72 2.04 na na 
   
** 
  Heritability   0.628   na   
*,**,*** indicate significance at P= < 0.05, P = < 0.01 and P= <0.001 respectively. na = not 
available due to OA being evaluated only in 2015 and its came from OP deduction (E4-E5 
environment). 
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Table 3.22: Independent analysis of osmotic potential (OP) and osmotic adjustment 
(OA) (Mpa) at E4 and E5 in 2015 for 16 selected lines include all bread wheat parents. 
Bread wheat parent followed by its progeny arranged respectively 
    Means     
 
  
OP 
(MPa) 
  
 
Genotypes E4 E5 Combined 
OA 
(MPa) 
Berkut -2.125 a -2.084 b -2.104 0.0329 b 
16 -2.141 a -1.811 a -1.976 0.3224 a 
160 -2.138 a -1.962 b -2.05 0.1759 b 
Sokoll -2.052 a -1.909 a -1.962 0.1759 a 
61 -1.903 a -1.829 a -1.866 0.0665 a 
64 -2.075 a -1.873 a -1.974 0.1937 a 
PBW502 -2.285 b -1.933 a -2.155 0.3527 a 
103 -2.332 b -1.97 a -2.198 0.3625 a 
104 -2.065 a -1.89 a -1.978 0.1675 a 
109 -2.228 b -2.153 a -2.191 0.0665 b 
112 -2.14 b -1.867 a -2.004 0.2656 a 
DBW16 -2.225 b -1.89 a -2.101 0.3363 a 
146 -2.313 b -2.104 b -2.181 0.1996 a 
150 -2.029 a -1.888 a -1.959 0.1332 a 
WAXWING*2/KIRITATI -2.102 a -1.882 a  -1.992 0.2116 a 
86 -2.185 a -2.054 b  -2.119 0.1224 a 
92 -2.071 a -1.974 a -2.023 0.0885 a 
2-49/CUNNINGHAM//KENNEDY -2.371 -1.937 -2.154 0.4261 
T.DICOCCONP194625/AE.SQUARROSA -2.32 -1.978 -2.149 0.3335 
PBW550 -2.177 -2.008 -2.07 0.1604 
DBW17 -2.289 -1.903 -2.096 0.378 
     Grand Means -2.1698 -1.9476 -2.062 0.3245 
SE 0.08249 0.08249 0.05886 0.1197 
LSD G x E (P<0.05) 0.1624 0.1624 
  
LSD Genotype (P<0.05) 0.19 0.13 0.1159 0.2367 
     Environment 
    
E4 
 
-2.167 b 
  
E5 
 
-1.952 a 
  
SE 
 
0.01821 
  
LSD (P<0.05) 
 
0.03584 
  
          
*,**,*** indicate significant at P < 0.05, P = < 0.01 and P= <0.001 respectively. Means in the same 
column (trait) followed by different letters are significantly different (P<0.05) between progeny and their 
bread parent for OP in each environment, OA and significantly different (P<0.05) between environment 
for OP. 
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Table 3.23: Independent analysis for water availability (mm) at entry 16 plots (2 
replicates) in 2 environments E4 (rainfed) and E5(irrigated) in 2015 
        
 
  Water availability   
Source of variation d.f. Wald  F 
        
Environment 1 5.49 5.49 
   
* 
Depth 8 7210.64 901.33 
   
*** 
Crop development (CD) 6 1290.67 215.11 
   
*** 
Environment x Depth 8 33.62 4.2 
   
*** 
Environment x CD 6 112.75 18.79 
   
*** 
Depth x CD 48 627.01 13.06 
   
*** 
Environment x Depth x CD 48 95.4 1.99 
      ** 
*,**,*** indicate significance at P < 0.05, P < 0.01 and P <0.001 respectively. 
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Fig. 3.18: Mean water available (mm) at entry 16 plots (2 replicates) at soil depths from 
10cm to 134 cm under two water regimes (E4 = rainfed; E5 = irrigated) in 2015 (a) 
Booting stage (Z45) and (b) Flowering stage (Z59-Z61). Different letters indicate 
significant LSD (P< 0.05) between environments; bars represent standard deviations. 
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Fig. 3.19: Comparison between environments in a) Osmotic potential (MPa), b) Canopy 
temperature (CT) at heading stage, c) Chlorophyll content index (CCI) at grain filling 
stage and d) Normalized difference vegetation index (NDVI) at heading stage in 2015. 
The same symbol shape indicates lines from same bread wheat parent and the black 
circles indicate genotypes with significant (P<0.05) differences between environments 
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3.3.8 All five environments: 2013-2015 (200 genotypes in common across E1-E5) 
The combined analysis of all five environments (E1 to E5) is presented in Table 
3.24. Significant genotype, environment and genotype x environment interaction (GE) 
effects were observed for TKW, yield, plant height (PH), NDVI at Z51 to Z59 and  
heading days. The average yield in 2013 (E1) lowest, with E2< E4< E5< E3 (Table 
3.24). The heading days in 2013 (E1) also was the fastest with E4 < E5 < E2 < E3 due 
to higher solar radiation during heading to anthesis (August to September) based on 
ranks 2013 > 2015 > 2014 (Figure 4.3). E1 also had the shortest average plant height, 
lowest greenness (NDVI) at heading compared to the other environments and the 
second largest TKW after E3, as presented in Table 3.24.  
The combined analysis of traits assessed in at least three environments is 
presented in Table 3.25. Significant differences were observed for genotypic and 
environmental effects for all traits evaluated. Significant GE was observed for 
screenings and NDVI during grain filling. However, no significant interactions were 
observed for canopy temperature at heading. The heritability for TKW (0.96) was 
highest followed by heading days (0.93), plant height (0.83), yield (0.68), screenings 
(0.66), NDVI at grain filling (0.48), NDVI at heading (Z51-Z59) (0.26) and canopy 
temperature at heading (0.12) (Tables 3.24 and 3.25). 
 Positive correlations were generally observed among environments and 
significant differences observed in TKW, heading days and grain yield (Table 3.26). 
Comparisons between bread wheat parents and their respective progeny for ten highest 
yielding progeny across five environments are shown in Figure 3.20. Some progeny 
were significantly higher yielding than their bread wheat parents, Sokoll and 2-
49/Cunningham//Kennedy (Figure 3.20a). Three (entries 174, 33, and 51) were 
significantly higher yielding than their bread wheat parent (Sokoll) while others were 
either not different, or lower yielding (Figure 3.20b). Entry 71 had the earliest heading 
date compared to its bread wheat parent (104 days). Entry 51 had same heading date as 
its bread wheat parent (Sokoll) but produced higher yield and TKW (Figures 3.20a, b, 
and c). 
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3.3.9 Multiple regression analysis 
Grain quality traits such as protein, test weight and moisture are presented in 
Chapter 5. Grain yield was influenced by heading days, test weight and grain moisture 
across environments (Table 3.27). The highest portion of variation in yield was 
explained by multiple traits in environment 1 (37.4%) followed by E2 (34.1%), E3 
(31.6%), E4 (26.1%), E5 (25.2%) and the lowest was observed for the combined 
environments (E1-E5, 13.8%). Heading days trait was explained variation of yield in all 
environments except in E5 and the same pattern was evident for grain test weight (Table 
3.27). These two traits can be considered as key traits contributing to grain yield.  
3.3.10 GGE biplot analysis of yield stability 
The genotype plus GE interaction biplot (GGE) analysis explained 69.35% of 
the total variation in grain yield for five environments (E1-E5) (Figure 3.21a). The 
center of the concentric circles is where an ideal genotype would be located. The ideal 
genotype is defined by a projection on to the mean-environment axis that equals the 
longest vector of the genotypes that had above-average mean yield and by a zero 
projection on to the perpendicular line (zero variability across environments) as 
described by Yan and Hunt, 2002; genotypes that had high mean yield and the most 
stable yields (Figure 3.21b). These genotypes are entries 11 (Suntop), 25, 14, 186, 98, 
129, 39, 53, 173, 48, 50 and 174 and the comparison between ideal genotypes with the 
commercial check cultivar, Suntop, is presented in Figure 3.22. There are no significant 
different in yield, and greenness (NDVI) at heading and grain filling stages (Figures 
3.22a, f and h). Entry 129 showed significant (P<0.05) higher canopy temperature 
compared to Suntop at the heading, and TKW (Figures 3.22b and d). This line also had 
significant (P<0.05) lower screenings, lower plant height and fastest heading days 
compared to Suntop (Figures 3.22c, e, and g). 
The winning genotypes and their related environments are shown in Figure 3.23. 
According to the biplot shown in Figure 3.23b, the corner genotypes are the most 
responsive ones. These corner genotypes are entries 199, 183, 198, 172, 129, 11 
(Suntop), 1 (Berkut), 151, 122, 189, 177 and 66. Locations are divided into four sectors. 
The first sector represents E1, where entries 199, 183, and 198 were the most 
favourable. The second sector represents E2 and E3 where entries 172 and 129 were the 
most favourable. The third sector represents E4 were genotypes Suntop (commercial 
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check) and Berkut (bread wheat parent) were the most favourable. The fourth sector 
represents E5 where entries 151, 122 and 189 were the most favourable. The one corner 
with entries 177 and 66 had the poorest yield across all environments. The grain yield 
means for all genotypes in each environment is presented in Table 1 at Appendix II.  
3.3.11 Drought Susceptible Index (DSI) 
The mean drought susceptibility index (DSI) values for ideal genotypes 
observed in Figure 3.21b for 2014 and 2015 are presented in Figure 3.24. The mean 
values ranged from 0.69 to 1.26 (Figure 3.24a) and -0.19 to 3.18 (Figure 3.24b) in 
response to the different grain yields in environment E2 (rainfed) and E3 (irrigated) in 
2014 (Figure 3.24c) and E4 (rainfed) and E5 (irrigated) in 2015 (Figure 3.24d). The 
drought intensity in 2014 was 0.233 and higher than in 2015; 0.094, as evident in grain 
yields among ideal genotypes between rainfed (E2 and E4) and irrigated (E3 and E5) 
trial in each year (Figures 3.24c and d). The grain yields between environments among 
ideal genotypes in 2014 showed a significant reduction (Figure 3.24c). However yield 
performance in 2015 did not have a significant reduction between environments except 
for entry 14 (Figure 3.24d). The higher DSI the more the grain yield is affected by 
drought; entries 14 and 174 was the lower DSI compared to Suntop as well as a lower 
reduction in yield in 2014 (Figures 3.24a and c).  
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Table 3.24: Combined analysis of variance for common traits assessed in all 5 environments (E1-E5)   
              Traits          
  
TKW 
 
Yield 
(t/ha)  
PH (cm) 
 
NDVI (Z51-Z59) 
 
Heading 
days  
Source of variation d.f. Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  
                        
Genotypes 199 6452.72 32.43 671.31 3.37 1437.17 7.22 320.47 1.61 3912.55 19.66 
 
  
*** 
 
*** 
 
*** 
 
*** 
 
*** 
Environment 4 447.42 111.86 4708.42 1177.1 3213.7 803.43 351.6 87.9 7309.65 1827.41 
 
  
*** 
 
*** 
 
*** 
 
*** 
 
*** 
Genotype x Environment 793 999.65 1.26 993.86 1.25 936.24 1.18 953.19 1.2 1020.6 1.29 
 
  
*** 
 
*** 
 
** 
 
** 
 
*** 
      
Means 
     Environment 
           E1 
 
41.27 b 
 
2.979 e 
 
90.57 e 
 
0.7006 c 
 
104.5 e 
 E2 
 
39.77 d 
 
3.866 d 
 
92.96 d 
 
0.7211 a 
 
114.7 b 
 E3 
 
42.64 a 
 
5.026 a 
 
100.42 c 
 
0.7114 b 
 
117.7 a 
 E4 
 
39.64 e 
 
4.232 c 
 
102.81 b 
 
0.677 d 
 
109.7 d 
 E5  
 
40.66 c 
 
4.669 b 
 
106.74 a 
 
0.7136 b 
 
111.2 c 
 LSD (P< 0.05) 
 
0.3296 
 
0.06321 
 
0.6464 
 
0.005154 
 
0.3178 
 Standard error  
 
0.1679 
 
0.0322 
 
0.3293 
 
0.002626 
 
0.1619 
 
            Heritability   0.961   0.675   0.82595   0.263   0.932   
*,**,*** = significant at P<0.05, P < 0.01 and P<0.001,respectively; mean in the same column (trait) followed by different letters are significantly different at P< 0.05. Mean 
for each genotype are shown in Appendix II. NDVI, normalize difference vegetative index and PH, plant height. Means for combined analysis for 200 lines for all traits are 
included in Appendix II.  
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Table 3.25: Wald statistics from tests for fixed effects from a combined analysis of trials common to two or more environments 
      Traits   
  
Screening (%) 
 
 
NDVI (Z75-Z77) 
 
CT (Z55-Z59) 
 
Source of variation d.f. Wald  F  d.f. Wald  F  Wald  F  
         Genotypes 199 1421.81 7.14 198 517.51 2.61 174415.16 880.88 
 
  
*** 
  
*** 
 
*** 
Environment 2 1882.34 941.17 2 3936.95 1968.47 807.35 403.68 
 
  
*** 
  
*** 
 
*** 
Genotype x Environment 397 1065.99 2.69 396 561.81 1.42 160.82 0.41 
 
  
*** 
  
*** 
 
ns 
         Environment 
    
Mean 
   E1 
 
5.501 a 
  
0.5261 c 
 
22.1 a 
 E2 
    
0.5934 b 
 
18.7 b 
 E3 
    
0.6762 a 
 
16.95 c 
 E4 
 
3.859 b 
      E5  
 
2.036 c 
      LSD (P< 0.05) 
 
0.1154 
  
0.004653 
 
0.2793 
 Standard error  
 
0.05868 
  
0.002368 
 
0.1422 
 
         Heritability 
 
0.6567 
  
0.4811 
 
0.1182 
 *,**,*** = significant at P<0.05, P < 0.01 and P<0.001,respectively; mean in the same column (trait) followed by different letters are significantly different at P< 0.05. Mean 
for each genotype are shown in Appendix II. NDVI, normalize difference vegetative index and CT, canopy temperature. Means for combined analysis for 200 lines for all 
traits are included in Appendix II. 
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Table 3.26: Correlations between different environments (E1 to E5) 
               Environment      
Env/Traits E1 E2 E3 E4 
E2/ TKW 0.82*** 
   E3/ TKW 0.76*** 0.81*** 
  E4/ TKW 0.82*** 0.85*** 0.77*** 
 E5/ TKW 0.82*** 0.84*** 0.78*** 0.87*** 
E2/HD 0.75*** 
   E3/ HD 0.73*** 0.83*** 
  E4/ HD 0.69*** 0.77*** 0.70*** 
 E5/ HD 0.69*** 0.75*** 0.73*** 0.76*** 
E2/Yield 0.35*** 
   
E3/Yield 0.23** 0.53*** 
  E4/Yield 0.20** 0.12 ns 0.04 ns 
 E5/Yield 0.12 ns 0.32*** 0.27*** 0.22** 
 *,**,*** = significant at P<0.05, P < 0.01 and P<0.001,respectively. ns = not significant. Note: TKW, 
thousand kernel weight; HD, heading days; and grain yield. 
 
Table 3.27: Summary of multiple regression analysis of grain yield as the response 
variable (dependent) for each environment and combined over environments 
  2013 2014   2015   Combined 
Explanatory 
variables 
Yield (E1) 
Yield 
(E2) 
Yield 
(E3) 
Yield 
(E4) 
Yield (E5) 
Yield (E1-
E5) 
1 TKW HD TKW 
CCI 
(Milky) 
CCI (Milky) HD 
2 
NDVI 
(Heading) 
Test 
Weight 
Moisture HD Moisture 
Test 
weight 
3 Protein 
 
HD Protein 
NDVI 
(Elongation) 
Moisture 
4 Screening 
 
Test 
Weight 
Screening Screening 
 
5 HD   
 
Test 
weight 
Test weight 
 6 Test Weight           
Percent variance 37.4 34.1 31.6 26.1 25.2 13.8 
Note: NDVI, normalized difference vegetative index; HD, heading days, and CCI, chlorophyll content 
index. 
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Fig. 3.20: Comparisons between bread wheat parents and their progeny a) TKW (g), b) 
Yield (t/ha), c) heading days. Different letters indicate significance at P<0.05. Values 
are the mean and the error bars are the standard deviations 
 
87 
 
   
 
  
Fig. 3.21: GGE biplot of ideal genotype based on grain yield a) overall view and b) 
close view at the centre of the concentric circle (represents the position of an ideal 
genotype as defined in section 3.3.10 above) 
 
a 
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Fig. 3.22: Comparison between ideal genotypes (Suntop as reference) in combined 
environments based on GGE biplot (Figure 3.21b) for a) yield (E1-E5); b) canopy 
temperature (E1-E3); c) heading days (E1-E5); d) TKW(g) (E1-E5); e) screenings (%) 
(E1 and E4-E5); f) NDVI at heading stage (E1-E5); g) plant height (cm) (E1-E5) and h) 
NDVI at grain filling (E1-E3). Different letters indicate significance at P<0.05. Values 
are the mean and the error bars are the standard deviations 
89 
 
 
 
 
Fig. 3.23: GGE biplot (based on grain yield) identification of winning genotypes and 
their related environments a) overall view and b) close view 
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Fig. 3.24: Comparisons between ideal genotype in a) DSI in 2014, b) DSI in 2015, c) 
grain yield between environment in 2014 and d) grain yield between environment in 
2015. All means for 200 genotypes in 2014 and 2015 trial are presented in Table 13 
Appendix II. Different letters indicate significance at P<0.05 between environments. 
Values are the mean and the error bars are the standard deviations 
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3.4. Discussion 
3.4.1. Greenness area  
The GE interactions for ground cover shows that the genotypes had different 
establishment strategies that lead to differences in greenness and grain yield. Rapid 
establishment is important in Mediterranean-type environments where water is available  
early in the season (Pask et al., 2012). The ground cover reduces evaporative losses thus 
ensuring higher water availability. The green colour, assessed using NDVI was affected 
by environment and stage of development and can be used as an indirect selection 
criterion in some situations (Tables 3.7, 3.17 and 3.19). A positive correlation was 
observed between maturity days and NDVI taken during grain filling stage (Tables 3.8, 
3.10, 3.12) was an indicator that NDVI had ability to detect genotypes that could 
maintain “stay green” phenotype, that can prolong carbon assimilation during the grain 
filling period and produce higher yield. Therefore, NDVI during grain filling stage is 
also optimum stage to detect “stay green” phenotype in terminal drought conditions. 
The heading stage (Z51-Z59) is the best stage for NDVI measurement due to a 
significant genotype x environment interaction compared to tillering (Z22-Z25) and 
elongation (Z35-Z37) (Tables 3.17 and 3.19). This observation is important as drought 
stress affects crops during reproductive stage and it is important to understand the 
impact of indirect selection using NDVI when drought stress is more prevalent 
(Hazratkulova et al., 2012).  
Reproductive development was the most important stage for drought tolerance 
as most genotypes had higher NDVI in rainfed conditions (Tables 10 and 11 in 
Appendix II). Almost all the progeny lines had higher NDVI at heading in the combined 
analysis (Table 3.24) compared to their parents as shown in Table 12 (Appendix II). A 
number of progeny including entries 56, 57, 58, 59, 60, 61, 62, and 63 with T .dicoccon 
C18643 emmer background, entries 32, 33, 39, 168 with the T. dicoccon 50110 parent 
and entries 44, 45, 46, 47, 49, 52,171 with T. dicoccon 500132 background were 
significantly higher yielding (P<0.05) than their bread wheat parent (Sokoll) (Table 12, 
Appendix II). The higher the NDVI in these Sokoll derivatives the higher the observed 
yield (Figure 3.20b and Table 12, Appendix II) which clearly indicates the value of 
NDVI as an indirect selection tool for yield. Similar observations were made by 
Freeman et al. (2003) when NDVI was found to be correlated with wheat grain yield at 
growth stages after flag leaf emergence. 
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3.4.2. Photosynthetic potential 
A significant GEI observed for CCI in 2015 at the milky stage only. Indicates 
that chlorophyll content does not vary with environment earlier in the life cycle as no 
interactions were present at heading and anthesis stages. The CCI at the milk stage of 
some progeny was significantly higher than their bread wheat parent (Table 7, 
Appendix II). A decreased CCI at the milk stage was an indicator of drought stress 
susceptibility and a number of progeny had higher CCI than their bread wheat parents. 
Similar observations made by Rong-Hua et al. (2006), where chlorophyll content 
decreased with drought stress in barley by using SPAD. High chlorophyll at heading, 
anthesis and milk stage also produced higher TKW, however this did not result in large 
differences in yield. The timing of drought and the ability of plants to recover after short 
and/or prolonged periods of drought are closely related to crop yield. Thus, cell 
expansion, gas exchange, and photochemical efficiency of PSII are affected by 
increasing water deficit (Brito et al., 2011). A probable reason why the progeny lines do 
not show much difference for yield compared to their bread wheat parents under stress 
is that the level of stress was not high enough to elicit a large yield reduction. 
Nevertheless, the larger grain size of the progeny lines is an indicator of probable stress 
tolerance. If stress levels were higher it is likely that these larger grained genotypes 
would maintain seed size better. 
3.4.3 Phenology and adaptation 
While significant differences in heading days were observed across all materials 
in all years, there is much less variation within populations (Figures 3.13 and 3.17) in 
the same environments, largely because progeny were selected on the basis of hexaploid 
type and uniform flowering date (to assist phenotyping under drought stress). For E1, 
yield was positively influenced by later heading time although the commensurate 
reduction in grain filling period did reduce seed weight (TKW) and led to small 
increases in screenings. However, there was no significant relationship in other 
environments due to highest solar radiation in E1 observed during heading time (August 
to September). Thus genotypes with longer vegetative periods were able to better 
partition photo-synthate. Clearly, environment was a driver of phenology subsequently 
affecting yield. However, the effects were much less pronounced within progenies 
derived within a cross (Figure 3.1). These indicated that environments and the 
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interactions between environment and genotypes showed significant effects in 
controlling flowering time variation (Wang et al., 2016). Many have promoted stress 
adaptation through earliness and drought escape (Gouache et al., 2015; Zheng et al., 
2013). Nevertheless, in the current study the levels of drought stress were not high due 
to above average seasonal rainfall in 2014 and 2015. Thus heading date, while not a 
strong driver of yield, did contribute to differences in TKW (Tables 3.8, 3.10, 3.12, 
3.14, 3.16 and Figures 3.3). The ideal genotype had no significant differences in 
greenness area in heading and grain filling stages but were significant (P<0.05) lower in 
screenings, high TKW and with later heading compared to Suntop (entry 11). 
3.4.4. Canopy temperature 
While significant differences among genotypes were observed for CT and a 
significant GEI was found in 2014, these differences were not maintained across years 
and environments. These differences reflect ambient air temperatures at the time 
observations were made. This unpredictably lessens the value of CT as an indirect 
selection tool for yield and this is reflects in the relatively low observed heritability 
(Table 3.25). Nevertheless, plants with cooler canopy temperature did tend to yield 
more in E1 (2013) at the booting, heading, anthesis and grain filling stages (Table 3.8), 
but there was no correlation between these traits in E3 and E4 (2014, Table 3.18). It is 
likely that these genotypes had higher transpiration rates (thus cooler canopies) and 
higher photosynthetic rates, resulting in higher yield (Blum et al., 1982).  
3.4.5. Maintaining water balance under stress 
Significant differences were observed among genotypes and environments for 
osmotic potential and osmotic adjustment and a significant GEI was observed for 
osmotic potential. Clearly, these traits vary with water scarcity and genotype. Entry 16 
had a significantly higher (P<0.05) osmotic adjustment than its bread wheat parent 
(Berkut) as shown in Table 3.8. This response to limited moisture is a function of 
increased osmolyte concentrations in cells which contribute to osmotic adjustment (OA) 
thus helping the plant maintain their water balance (Kubis and Krzywanski, 1989). The 
greater root length of genotypes like entry 16, inferred by greater water extraction deep 
in the soil profile, is a possible reason for the improved yield and adaptation of these 
lines compared to their bread wheat parents. Furthermore, entry 16 and its bread wheat 
parent showed no significant changes in yield reduction between stress and optimum 
94 
 
condition in 2014 where the drought stress was stronger (Figure 3.11b). These results 
support the findings of Saab (1992) who found that sustained root growth under water 
stress was a function of better osmotic adjustment. The transpiration demand of the 
plant under water stress is then met by roots deep in the subsoil (Blum 2005; Kirkegaard 
et al., 2007). Therefore the root system plays an important role in controlling the leaf 
water potential. 
3.4.6. Drought susceptibility index 
The lesser grain yield loss in stress than optimum condition the lesser drought 
susceptibility index (DSI) observed (Table 3.24). Entry 14 showed lower DSI compared 
to other ideal genotypes in 2014 (Table 3.24a) where the drought condition is more 
prevalence than in 2015. Where the indicator is based on reduction of yield in stress 
condition than optimum environment is significant for all ideal genotypes in 2014 
(Table 3.24 c) than in 2015 (Figure 3.24d). The lower DSI the more tolerant they are in 
drought condition because they have lesser reduction in grain yield under stress 
compared to optimum condition (Fayaz and Arzani, 2011). Entry 14 came from the 
same emmer parent as entry 16 (T. dicoccon C18644) that had significantly high 
osmotic adjustment (Table 3.22) and deep root system (Table 3.23) than their bread 
wheat parent. 
3.5 Summary 
In conclusion, this chapter has revealed significant differences in physiological 
traits, some that are linked to yield performance differences between the bread wheat 
parents and the respective progenies in different environments. This helps to explain the 
mechanisms used in the plant in different environments (irrigated and rainfed) to 
maintaining their yield. The different response of adaptation shown by the bread wheats 
and their respective progenies in water deficit environment, indicates that there are 
introgressions from the emmer parents, and could explain how efficiently they use water 
as discussed in Chapter 4.  
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CHAPTER 4 
Water use and water use efficiency 
4.1 Introduction 
Improving water use efficiency in dryland wheat continues to interest plant and 
soil scientists. Thirthy-three years after the publication of the ASA (American Society 
of Agronomy) monograph edited by Taylor et al. in 1983, over 21000 papers referring 
to WUE were published up to 2001, according to the CABI database as described by 
Angus and Herwaarden (2001). Water use efficiency is always discussed with respect to 
plant performance under water limited and non-limited conditions. Water use efficiency 
(WUE) at the grain level is the ratio of grain yield (kgha
-1
) to crop water use (mm) 
(Zhang et al., 2005), whereas leaf water use efficiency can be divided into two 
components. The first is the ratio of photosynthesis rate (A) to stomatal conductance 
(gs) (Farquhar et al., 1989), also called intrinsic WUE, while the second is instantaneous 
WUE, the ratio of the simultaneous measurement of net CO2 assimilation or 
photosynthesis (A) and transpiration (E) (Yoo et al., 2009; de Santana et al., 2015; Yan 
et al., 2015).  
Most wheat is grown without irrigation, and wheat breeders select genotypes 
adapted to low, medium, and high rainfall zones (Laing and Fischer, 1977). In 
Australia, yield potential is often constrained by reduced biomass and poor grain filling 
due to limited available water (Nix, 1975; Fischer, 1979). Wheat breeders can improve 
the productivity of wheat under moisture stress in a number of ways. Trethowan and 
Reynolds (2007) list these as: (1) analysis of genotype x environment interaction to 
improve parental selection and identify key evaluation sites; (2) physiological 
characterization of germplasm to identify parents with complementary traits and to 
identify tools that will improve the heritability of the traits under selection; (3) 
development of reliable and repeatable drought screening methods; (4) broadened 
genetic variation for drought adaptive traits; (5) improved water harvesting via 
improved root health; (6) enhanced cultivar adaptation to moisture conserving crop 
management practices; and (7) identification and conservation of genomic regions that 
are associated with performance under moisture stress across environments and time. 
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Increasing intrinsic water use efficiency (WUEintr) can be achieved by lowering 
the ratio of internal CO2 concentration to ambient CO2 concentration (Ci/Ca), reducing 
stomatal conductance and/or increasing photosynthetic capacity (Condon et al., 2002). 
Increased adaptation to drought can be associated with higher WUE (Bacelar et al. 
2007; Moutinho-Pereira et al. 2007; Rivero et al. 2007). WUE is a better target trait for 
breeders and grain growers because it relates to productivity rather than just survival 
under moisture stress. Plant resistance to drought can be divided into the escape, 
avoidance, and tolerance strategies (Levitt 1972; Turner 1986). Plants may combine a 
range of these response types, and these methods are not mutually exclusive (Ludlow 
1989). This thesis research assesses the impact of genetic diversity introduced from 
emmer wheat on the WUE of hexaploid bread wheat. Principal component analysis was 
an effective method of grouping the genotypes and determining important traits in white 
bean (Phaseolus vulgaris) selection (Koij and Saba, 2015) and was confirmed by cluster 
analysis. Therefore, we used principal component analysis (PCA) to better perceive the 
distinctive features of the doubled haploid lines and bread parents. This graphical 
method could interpret the origin of the traits and showed that diversity from emmer 
wheat improved hexaploid bread wheat. 
4.2 Materials and Methods 
4.2.1 Production of Doubled Haploids 
a. Donor plants and growth conditions 
Six to seven generations of selfing are required after genetic recombination to 
produce near homozygous lines. However, haploid production followed by 
chromosomes doubling can be used to rapidly produce homozygous lines. The maize x 
wheat system was used to produce doubled haploid plants of backcross F1 progeny. 
Wheat was used as the female as shown in Appendix I, Table 1. The wheat and maize 
plants were grown at 20-21 °C and 20-25 °C respectively.  
b. Crosses and embryo rescue 
Wheat spikes were emasculated 1 to 3 days prior to anthesis. The emasculated 
spikes with 20 central florets were enclosed with glassine bags, and the date recorded, 
and were pollinated 1-3 days later with maize pollen. The maize pollen was applied 
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within 20 to 25 minutes of collection. One drop of growth hormone 2,4-D (2,4-
dichlorophenoxyacetic acid) at 100 ppm concentration was applied 24 to 48 hours after 
pollination into the floret cavity formed by the ovary to promote embryo growth. 
Embryos began to form 2 to 3 days after pollination. Spikes were harvested 19 days 
after pollination and placed in a conical flask filled with water. The spikes were kept at 
refrigerator at 4°C and the embryos excised after 2 to 7 days in a sterile laminar flow 
cabinet. The caryopses were surface sterilized with 70% ethanol and rinsed 3 times with 
sterile water. The caryopses were next soaked in 95% sodium hypochlorite for 5 
minutes, rinsed one time with sterile water, soaked in sterile distilled water until ready 
to cut. Embryos were excised with fine-pointed forceps and placed in Gamborg’s B5 
medium (Gamborg et al., 1968) (2.4g L
-1
) supplemented with sucrose (20g L
-1
), sodium 
hydroxide (250 µg L
-1
) and agarose (10g L
-1
) in test tubes. The tubes were then 
refrigerated for 2 days at 4 °C followed by dark incubation for another 2 days at 21-22 
°C. Embryos were subsequently grown at 18-20 °C under 16 hr light cycle. Embryos 
germinated within 1 to 2 weeks and haploid plants were transplanted to sterilised soil in 
5 cm diameter pots after 3-4 weeks. The haploids were initially grown in a cool room at 
15 °C and then grown outside at 20 to 25 °C for tillering induction. 
c. Chromosome doubling 
At tillering (3-4 tillers), roots were pruned to approximately 2 to 3 cm below the 
crown. The potting compost was washed off before the roots were treated with 0.1% 
colchicine solution by immersion of the crown for 3 to 4 hour at 20 to 25 °C in a 
laminar air flow cabinet. The treated seedlings were rinsed in water and planted in 7 cm 
diameter pots placed in trays of twenty-four pots. The trays were initially placed in the 
dark and gradually moved towards the light. Room temperature was maintained 
between 15 to 20 °C. After 2 to 3 weeks, plants were moved to a tunnel house and 
grown until maturity. The DH line seeds were harvested and multiplied at Narrabri in 
the field in 2012. The harvested seed lots from these increases were sampled for DNA 
analysis and formed the basis of all subsequent field experiments.  
4.2.2 Irrigation and weather 
Irrigation was applied to experimental plots as described in Table 3.2 and Figure 
4.2. The E1 experiment in 2013 was irrigated by an overhead irrigator with amounts of 
30mm (before sowing), 30mm, 40mm and 30mm on 4 May, 3 August, 30 August and 
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29 September, respectively. Two irrigations were applied to E3 in 2014 season; the first 
was 40mm on 8
 
August at elongation and the second was 30mm on 2 October at the 
milk stage (grain filling). Three irrigations were applied to E5 in 2015. These were 
30mm on 18
th
 August (early booting stage), 20mm on 24 September (kernel watery 
stage) and 30mm on 17 October (dough development stage). The average annual 
rainfall in ten years (2006-2015) was 218.26 mm in the cropping season (May-October). 
During the experiment trials were conducted, the average annual rainfall in three years 
(2013-2015) was 182.2 mm in the cropping season. The total rainfall in each month 
with irrigation applied, maximum and minimum temperature, solar radiation and 
humidity during cropping season is summarized in Figures 4.2 and 4.3 respectively. The 
main online source of weather data is Ozforecast, where the location was in the field 
station (PBI, Narrabri) and the second source (Narrabri Airport location, 16.3km from 
field trial) was used as second reference to cover breakdown in OZforecast: 
Ozforecast (http://ozforecast.com.au/cgibin/weather.cgi?station=Narrabri.NSW&radar) 
and 
Narrabri Airport AWS (54038) (http://www.bom.gov.au/climate/data/)  
4.2.3 Soil Moisture Content 
 A hydraulic soil corer mounted on a tractor was used to insert aluminium tubes 
in the centre of selected plots in 2014 and 2015. These placements were designed to 
discriminate the western and eastern sides (trial grown side-by-side) of the experimental 
site for rainfed and irrigated treatment.  Two tubes and ten tubes were placed in each 
environment to a depth of 200cm in 2014 (E2 and E3) and 2015 (E4 and E5) 
respectively. Access tubes were inserted 18 DAS in 2014 and 1 DAS in 2015. The soil 
moisture was measured at intervals of 10cm down to 134cm depth (Table 4.1) with a 
neutron moisture meter (Figure 4.1) (CPN
®
 503DR Hydroprobe Boart Longyear, 
California, USA) with the individual reading times set at 16 seconds.  
 A calibration previously developed at the I.A. Watson Grains Research Centre 
was used to convert counts to volumetric water content in mm (Appendix I, Figure 4) 
and a formula generated:  
ϴ = 1.6852 + 0.0017*Counts 
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Where ϴ = volumetric water content, cm3 cm-3; Counts = neutron probe counts; 0.0017 
and 1.6852 are the coefficients of the calibration equation. The coefficient of 
determination was 0.82 
 
Fig. 4. 1 Neutron probe moisture meter used to determined soil moisture counts 
The soil water availability was assessed in each environment in each year. The average 
water use (WU) (∆W = WU germination - WU maturity) calculated for each 
environment was then included in the calculation of total water use (TWU) for each 
environment. This average WU (based on NMM results in each environment) plus in 
season rainfall was used to calculate water use efficiency for all lines evaluated in the 
rainfed and irrigated environments (in addition to the irrigation applied in season) 
Table 4. 1 Dates of neutron probe assessment in 2014 and 2015 
     
Date 
     Year/Stage 1 2 3 4 5 6 7 8 9 10 
           2014 6/06 2/07 15/07 31/07 13/08 2/09 9/09 23/09 13/10 27/10 
Stage G  T T SE B H A EGF LGF M 
2015 12/06 29/06 * 6/08 29/08 * 16/09 1/10 * 25/10 
Stage G T T SE B H A EGF LGF M 
Note: G = germination; T = tillering; SE = stem elongation; B = booting; EGF = early grain filling; LGF 
= late grain filling; M = maturity. 
4.2.4 Estimation of water use and water use efficiency 
The total water use of each trial in each season was estimated from sowing to 
harvesting. The amount of rainfall in the season was collected online from the 
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Ozforecast weather station at the IA Watson Grains Research Centre. Total water use 
was estimated according Zhang et al. (1999) and Zhang et al. (2005): 
TWU = P + I + ∆W – R – D + CR 
Where TWU = total water use during crop growth, mm; P = precipitation, mm; I = 
irrigation, mm; ∆W = soil water content when the crop is sown minus that at harvest for 
the 134 cm depth, mm; R = runoff, mm; D = drainage from the root zone (mm), and CR 
= capillary rise to the root zone, mm.  
Surface runoff, drainage and capillary rise was considered to be negligible due to the 
soil pedality at the I.A. Watson Centre. The soil is weak (poorly formed from indistinct 
aggregates) from 0 to 30 cm depth and massive (coherent and appears cemented in one 
great mass) from 30cm to 291cm depth based a on soil technical report 
(http://www.environment.nsw.gov.au/eSpadeWebApp/report/SoilReport.aspx?reporttyp
e=3&profileid=65813). The soil pedal structure will influence the water flow and 
transport within the soil profile and is used to estimate the water retention curve as 
explained by Mckenzie et al.(2000). The profile was moderately moist from 0 to 291 
cm depth showing that this site has a large water-holding capacity.  
Surface runoff and drainage are usually negligible on flat land in semiarid and 
subhumid environments (Angus and Herwaarden, 2001). Thus the equation was 
modified to TWU = P + I + ∆W. Soil water moisture was calculated from sowing to 
maturity (WUm) and water use efficiency for grain yield was calculated following 
Zhang et al.(2005): 
    WUEGrain = Y/TWU 
Where WUEGrain = water use efficiency, kg ha
-1
 mm
-1
, Y = grain yield, kg ha
-1
; TWU = 
total water use, mm. 
Intrinsic WUE (WUEintr) was calculated as the ratio between photosynthesis (A) and 
stomatal conductance (gs) (i.e. A/gs) (Farquhar et al., 1989; Barbour et al., 2011). 
Instantaneous WUE (WUEi) was calculated as the ratio between photosynthesis (A) and 
transpiration (E) (i.e. A/E) (Yoo et al., 2009; de Santana et al., 2015; Yan et al., 2015).  
Where WUEintr = A/gs, µmol mol
-1
; WUEi = A/E, mmol mol
-1
; A = Photosynthesis, 
µmoles m
-2
s
-1
; gs = Stomatal conductance, mol m
-2
s
-1
; E = Transpiration, mmol m
-2
s
-1
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4.2.5 Crop measurements 
Data were recorded on agronomic and other plant parameters such as crop 
phenology (Zadok score, Zadoks et al. (1974)). The traits evaluated during the season 
were crop ground cover, normalized difference vegetative index (NDVI), light 
interception (LI), days to heading, chlorophyll content, canopy temperature, days to 
maturity and plant height. The post-harvest traits evaluated were grain yield (kg ha
-1
), 
thousand kernel weight, screenings, grain test weight, protein, and moisture. The 
methods for these traits measurement were described thoroughly in Chapter 3. 
4.2.6 Gas exchange measurement 
A subset of sixteen contrasting genotypes was selected based on grain yield and 
WUEGrain performance in both environments (rainfed (E2) and irrigated (E3) in 2014 for 
more intensive assessment in 2015. Gas exchange was then assessed on this subset at 
Z59 stage (completion of head emmergence) in E4 (rainfed) and E5 (irrigated). The gas 
exchange parameters including photosynthethic rate, A (μmol m-2 s-1), gs (mol m
-2
 s
-1
), 
stomatal conductance to water vapour; A/gs (μmol CO2 mol
-1
 H2O), leaf intrinsic WUE; 
E (mmol H2O m
-2
s
-1
), transpiration; A/E (μmol mmol-1) and Ci (μmol CO2
 
mol
-1
), 
intercellular CO2 concentration or ratio of internal CO2 concentration to ambient CO2 
concentration, Ci/Ca  were measured on sunny days with low wind speed between 
11:00 h and 16:00 h. Leaf intrinsic WUE was determined as the ratio of A to gs 
following Farquhar et al., (1989) and Barbour et al., (2011). Leaf instantaneous WUE 
was determined as the ratio A to E following Yoo et al., (2009), de Santana et al., 
(2015), and Yan et al., (2015). Data were recorded on each plot using a Portable 
Photosynthesis System (LI-6400, LI-COR®, USA) and Leaf Chamber Fluorometer 
(Model 6400-40, LI-COR®, USA). Readings were taken on four healthy and fully 
expanded flag leaves selected from the centre of each plot (total 64 plots). The leaf 
width was recorded prior to measurement of gas exchange and the mean leaf width was 
used for analysis of gas exchange. The mean data (four leaves in each plot) was used for 
analysis of gas exchange.  
4.2.7 Statistical analysis 
A combined analysis was conducted to examine the differences among the five 
contrasting environments using the linear mixed model REML function of GenStat 
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version 16.0 (Payne et al. 2011) and significance was tested at P<0.05. With fixed 
model was genotypes*environment and the random model environment/(range.row). 
Relationships among traits were calculated by the using Pearson’s simple correlation 
test of GenStat (Payne et al. 2011). Principal component analysis (PCA) of WUEGrain 
was performed using PAST software (Hammer et al., 2001) . Heritability was estimated 
using the equation described by Nyquist and Baker (1991) and detailed in chapter 3.  
4.3 Results 
4.3.1  Weather differences (E1-E5) 
The in season weather conditions for each year and the long-term averages are 
presented in Figures 4.2 and 4.3. Rainfall was lowest in 2013 (E1) (Figure 4.2a), 
intermediate in 2014 (E2 and E3) (Figure 4.2b) and highest in 2015 (E4 and E5) (Figure 
4.2c). Temperatures at flowering were higher in 2014 than observed in 2015, which 
may have influenced grain protein content and days to flowering. 
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1
DAS = Days after sowing  
Fig. 4. 2 Rainfall (mm) and mean minimum and maximum temperature (°C) for 2013 
(a), 2014 (b), and 2015 (c) at Narrabri 
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1
DAS = Days after sowing  
Fig. 4. 3 Mean humidity (%) and solar radiation (MJ m
-2
) for 2013 (a), 2014 (b), and 
2015 (c) at Narrabri 
4.3.2  Water availability  
The combined analysis of water use over environments revealed significant 
differences between environments, crop development (CD), soil depth and their 
interactions in 2014 and 2015 (Table 4.2). Water was gradually extracted from stem 
elongation (Figure 4.4a) down to 120 cm in 2014 with less available water in the rainfed 
environment (Figure 4.5a). In 2015, moisture depletion began at booting (Figure 4.4b) 
down to 100 cm (Figure 4.5b). Rainfall influenced these differences between seasons 
(Figures 4.2b and c). The interaction environment x crop development x soil depth in 
2015 was significant compared to 2014, primarily because more tubes were installed in 
2015 (Table 4.2). The interaction environment x soil depth x genotypes in 2015 was 
significant (P < 0.01) indicating that these environments differed for moisture 
availability. 
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Table 4.2: Combined analysis for WA (water availability in mm) in 2 environments, E2-  
                  E3 in 2014 and E4-E5 in 2015 
   
Traits 
   
  
WA 
2014  
 
WA 
2015 
 Source of variation d.f. Wald  F d.f. Wald  F  
Environment 1 36.91 36.91 1 71.44 71.44 
 
  
*** 
  
*** 
Soil depth 8 2980.55 372.57 8 11432.04 1429 
 
  
*** 
  
*** 
Crop development (CD) 9 1709.84 189.98 6 2303.54 383.92 
 
  
*** 
  
*** 
 Environment x Soil depth 8 23.26 2.91 8 61.71 7.71 
   
** 
  
*** 
Environment x CD 9 36.39 4.04 6 92.81 15.47 
 
  
*** 
  
*** 
Depth x CD 72 614.61 8.54 48 1284.02 26.75 
 
  
*** 
  
*** 
Environment x Soil depth x CD 72 41.98 0.58 48 105.1 2.19 
   
ns 
  
*** 
Genotype x Environment x Soil 
depth na na na 
24 49.14 2.05 
      
** 
**,*** indicate significance at P = < 0.01, P= <0.001 respectively and ns = non significant; na= not 
available due to NMM instalment in only in one genotype (Ega-Gregory) with 2 replicate. 
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Fig. 4.4: Available moisture (mm) at each plant development stage in 2014 (a) and 2015 
(b). Different letters are significantly different at P<0.05 between environments in each 
crop development stage. Values are the mean and the error bars are the standard 
deviations 
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4.3.3 Combined 2014-2015 (200 genotypes in E2, E3, E4 and E5) analysis 
a. Grain water use efficiency (WUEGrain) 
Genotypes (P<0.001), environments (P<0.001) and genotype x environment 
interaction (GEI, P= 0.011) were all significant factors for grain water use efficiency 
(Table 4.3). The heritability for WUEGrain across environments of 0.59 was moderate. 
Overall total water use in 2015 (228.8 mm in E2 and 303.4 mm in E3) is higher than 
2014 (191.5 in E4 and 257.1 mm in E5). WUEGrain in varied across environments with 
E2> E3> E4> E5 (Table 4.3).  
Table 4.3: Combined analysis of WUEGrain in four environments, 2014-2015 (E2-E5) 
Source of variation d.f. Wald  F 
    Genotype 199 571.26 2.87 
   
*** 
Environment 3 1498.62 499.54 
   
*** 
Genotype x environment 595 711.71 1.2 
   
* 
Heritability 
 
0.59 
 
    Environment 3 Mean 
 2 
 
20.21 a 
 3 
 
19.58 b 
 4 
 
18.58 c 
 5 
 
15.43 d 
 LSD (P< 0.05) 
 
0.2619 
 Standard error 
 
0.1334 
 *,**,*** indicate significance at P= < 0.05, P = < 0.01 and P= <0.001 respectively; means (kg ha-1 mm-1) 
in the same column followed by different letters are significantly different at P< 0.05. Means for each 
genotype are shown in Appendix I, Table 5. 
 
b. Contribution of emmer wheat in WUEGrain  
The principal component analysis (PCA) explained 75.11% of the total variation 
in grain water use efficiency for four environments (E4-E5) (Figure 4.6). E4 explained 
most of the genetic environment interaction (GE) for WUEGrain followed by E3, E2 and 
E5. The same shaped symbol in Figure 4.6 indicates lines that came from the same 
bread parent and same colour symbol indicate the line came from the same emmer. 
Many emmer derived hexaploid lines showed a different response compared to their 
bread wheat parents. There are 6 emmers that contributed to WUEGrain (accession id; 
T.dicoccum 500132 (orange), T.dicoccum 500110 (bright pink), T.dicoccum AUS 21758 
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(spring green), BARI 7531 (dark green), T.dicoccum C18643 (violet) and T.dicoccum 
AUS 19385 (dark golden). These emmer wheat derived doubled haploid lines (marked 
with number and pedigree shown in Appendix II, Table 1) showed an improvement in 
WUEGrain in hexaploid bread wheat, as identified from distinctive features between 
progenies and its bread parent observed in PCA (Figure 4.6). Doubled haploid lines 
with orange, bright pink, spring green, dark green, violet, and dark golden colours and 
marked with number (Figure 4.6) showed a different response compared to their bread 
wheat parents (P1, DBW 16; P2, Sokoll; P3, DBW 16; P4, PBW502 and P5, 
Waxwing*2/Kiritati). Different responses of the doubled haploid lines indicates 
introgression from cultivated emmer to hexaploid bread wheat (DH lines). Doubled 
haploid lines based on Sokoll (Figure 4.7a) and PBW 502 (Figure 4.7b) shown 
significantly higher (P<0.05) WUEGrain compared to their bread wheat parents in rainfed 
compared to irrigated environments. Most of the ideal genotypes (Chapter 3, Figures 
3.21b and 3.22) showed huge distinctive features from their bread parents (the same 
shape) in Figure 4.6 (numbers in rectangles) except for entries 14, 186 and 129.   
4.3.4 Combined Gas Exchange Water Use Efficiency (E4-E5 for 16 selected 
genotypes) 
Significant genotype and GEI were observed for internal carbon and ambient 
carbon ratio (Ci/Ca), intrinsic water use efficiency (WUEintr), instantaneous WUE 
(WUEi), photosynthesis (A), conductance(gs), transpiration (E), leaf length and leaf 
width in E4 and E5 in 2015 for the 16 selected genotypes (Table 4.4). However, no 
significant GE interaction was observed for light interception (LI %) and no significant 
differences between environments for photosynthesis, leaf length and leaf width were 
noted. The relationships between gas exchange traits and leaf length, leaf width and LI 
(%) in E4 and E5 for the 16 selected genotypes are presented in Table 4.5. 
Photosynthetic rate was negatively correlated with the ratio of internal CO2 
concentration to ambient CO2 (Ci/Ca) (P< 0.05; r = -0.54). The same trends were found 
between WUEintr and Ci/Ca (P<0.001; r = -0.99), WUEi and Ci/Ca (P<0.001; r = -0.93), 
stomatal conductance and WUEintr (P<0.001; r = -0.75), stomatal conductance and 
WUEi (P<0.05; r = -0.61), transpiration (E) and WUEintr (P<0.01; r = -0.70), 
transpiration (E) and WUEi (P<0.01; r = -0.63) and leaf width and transpiration 
(P<0.05; r = -0.51). Stomatal conductance was positively correlated with transpiration 
(E) (P<0.001; r = 0.94). The same trends were observed between the ratio of internal 
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CO2 concentration to ambient CO2 (Ci/Ca) and transpiration (P<0.01; r = 0.73), light 
interception (%) and leaf width (P<0.05; r = 0.6), WUEi and WUEintr (P<0.001; r = 
0.91), and stomatal conductance and Ci/Ca (P<0.01; r = 0.74). 
Comparisons of transpiration (E), WUEi = A/E, stomatal conductance (gs), 
WUEintr = A/ gs and Ci/Ca between the bread wheat parents and their derived lines are 
presented in Figures 4.8 (a-d) and 4.9 respectively. Entries 61, 64, 103, 104, 112, 146, 
and 150 are significantly lower to their bread wheat parent for transpiration (E) (Figure 
4.8a). The same trends observed in stomatal conductance (gs) except for entries 103, 
112, and 150 which were not significantly different to their bread wheat parent (Figure 
4.8c). Entries 104 and 112 are significantly (P<0.05) high to their bread wheat parent 
(PBW 502) in WUEi (A/E) and WUEintr (A/gs) (Figures 4.8b and 4.8d). Entry 146 is 
significantly (P<0.05) high in WUEintr compared to DBW 16 (bread wheat parent) 
(Figure 4.8d) but low in WUEi (Figure 4.8b). The Ci/Ca is significantly (P<0.05) low to 
their bread wheat parent in entries 104, 112, and 146 (Figure 4.9). Whereas entries 16 
and 160 are significantly (P<0.05) high to their bread wheat parent (Berkut), thus 
explained high stomatal conductance with high evaporation mechanism in Figures 4.8 
(a and c). Comparison between environments in WUEi (A/E) and WUEintr (A/gs) traits 
are shown in Figure 4.10a and 4.10b for each 16 selected genotypes in combined 
analysis (E4-E5). Overall instantaneous water use efficiency (WUEi) and intrinsic water 
use efficiency (WUEintr) are higher in rainfed compared to irrigated environments 
except for entry 104. Six genotypes (Berkut, Sokoll, PBW 502, entries 16, 112, and 86) 
of the 16 selected lines were significantly (P<0.05) high in rainfed compared to irrigated 
environment for gas exchange WUE (WUEintr and WUEi).  
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Fig. 4.6: GGE biplot of 200 lines based on WUEGrain in 4 environments. There are 6 emmers (Accession id; T.dicoccum 500132 (orange,   ), T.dicoccum 500110 (bright pink,  
), T.dicoccum AUS 21758 (spring green,   ), BARI 7531 (dark green,   ), T.dicoccum C18643 (violet,   ) and T.dicoccum AUS 19385 (dark golden,   ) derived doubled haploid 
lines (marked with number) showed similarity in biplots of high WUEGrain at E2, E3, E4 and E5 as circled and contrast from bread parents (Labelled P1, P2, P3, P4 and P5). 
The numbers in rectangles are ideal genotypes. The same shaped symbol indicates lines derived from the same bread wheat parent, and the same colour an origin from the 
same emmer parent. Total variation is 75.11% for principal component analysis (PC1 represents 43.93% and PC2 represents 31.18% of the total variation (P = 0.003) 
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Fig. 4.7: Comparison of the WUEGrain of bread wheat parent with their emmer derived 
progeny (a) Sokoll and (b) PBW502. Different letters are significantly different at 
P<0.05 between environment in each genotype. Values are mean bread parent follows 
by its progeny and the error bars are the standard deviation 
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Table 4.4: Combined analysis of variance (mean squares) and means for CO2 (Ci/Ca), intrinsic water use efficiency (WUEintr = A/ gs),  
photosynthesis (A), stomatal conductance (gs), transpiration (E), leaf length (LL), leaf width (LW), light interception (LI %) and instantaneous 
water use efficiency (WUEi) at E4 and E5 in 2015 for 16 selected lines 
          
Trait 
 
        
  
Ci/Ca 
 
WUE 
intr  
A 
 
gs 
 
E 
 
LL 
 
LW 
 
LI 
(%)  
WUEi 
 
Source of variation d.f. Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  Wald  F  
Genotypes 15 54.17 3.61 58.7 3.91 30.97 2.06 76.06 5.07 84.79 5.65 86.81 5.79 31.5 2.1 30.34 2.02 117.75 7.85 
 
  
** 
 
** 
 
* 
 
*** 
 
*** 
 
*** 
 
* 
 
* 
 
*** 
Environment 1 35.62 35.62 50.88 50.88 0.53 0.53 47.19 47.19 66.28 66.28 1.52 1.52 2.17 2.17 27.52 27.52 73.54 73.54 
 
  
*** 
 
*** 
 
ns 
 
*** 
 
*** 
 
ns 
 
ns 
 
*** 
 
*** 
Genotype.Environment 15 36.86 2.46 41.45 2.76 38.69 2.58 59.91 3.99 73.58 4.91 34.9 2.33 33.99 2.27 7.47 0.5 98.65 6.58 
   
* 
 
** 
 
* 
 
*** 
 
*** 
 
* 
 
* 
 
ns 
 
*** 
Environment 
   
      
Means 
 
        E4 
 
0.4918b 
 
106.09a 
 
54.49a 
 
0.5976b 
 
7.72b 
 
17.85a 
 
1.592a 
 
96.92b 
 
7.836a 
 E5  
 
0.6887a 
 
56.06b 
 
52.19a 
 
1.3126a 
 
17.51a 
 
18.49a 
 
1.621a 
 
98.76a 
 
4.195b 
 LSD (P< 0.05) 
 
0.06898 
 14.5 
 
7.309 
 
0.209 
 
2.486 
 
0.9386 
 
0.05145 
 
0.7152 
 
0.8942 
 Standard error  
 
0.03391 
 7.226 
 
3.562 
 
0.1002 
 
1.212 
 
0.4596 
 
0.02519 
 
0.3534 
 
0.4358 
 
 
   
      
Means 
 
       
  
Genotype 
   
                Berkut 
 
0.5122 
 
101.26   44.93 
 
0.6156 
 
9.94 
 
19.42 
 
1.583 
 
97.74 
 
7.944 
 Sokoll 
 
0.6649 
 
64.94 
 
50.46 
 
1.5946 
 
22.03 
 
19.04 
 
1.533 
 
97.57 
 
4.696 
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PBW 502 
 
0.6092 
 
78.81 
 
48.99 
 
1.206 
 
17.94 
 
14.71 
 
1.567 
 
96.97 
 
5.044 
 DBW 16 
 
0.7015 
 
55.39 
 
54.64 
 
1.4697 
 
20.26 
 
17.13 
 
1.533 
 
98.31 
 
3.908 
 16 
 
0.6528 
 
69.56 
 
48.87 
 
1.4512   17.24 
 
18.96 
 
1.642 
 
98.24 
 
5.091 
 61 
 
0.5698 
 
87.67 
 
47.97 
 
0.5705 
 
7.56 
 
21.29 
 
1.6 
 
98.03 
 
6.133 
 64 
 
0.5348 
 
85 
 
61.79 
 
0.8254 
 
10.16 
 
21.25 
 
1.675 
 
99.19 
 
6.422 
 86 
 
0.6636 
 
69.51 
 
35.12 
 
0.6203 
 
7.99 
 
21.17 
 
1.742 
 
98.87 
 
4.876 
 92 
 
0.698 
 
53.18 
 
62.91 
 
1.2095 
 
12.26 
 
20.04 
 
1.692 
 
97.47 
 
5.177 
 103 
 
0.5643 
 
85.95 
 
58.31 
 
0.6975 
 
9.61 
 
16.25 
 
1.608 
 
98.44 
 
5.959 
 104 
 
0.361 
 
132.86 
 
62.22 
 
0.4703 
 
6.84 
 
16.58 
 
1.692 
 
98.43 
 
8.882 
 109 
 
0.7037 
 
58.16 
 
43.88 
 
0.8263 
 
10.77 
 
15.92 
 
1.55 
 
97.5 
 
4.14 
 112 
 
0.3405 
 
134.29 
 
70.55 
 
0.661 
 
7.52 
 
15.96 
 
1.683 
 
98.28 
 
12.604 
 146 
 
0.4952 
 
105.39 
 
49.73 
 
0.4988 
 
8.25 
 
16.21 
 
1.508 
 
94.9 
 
6.246 
 150 
 
0.561 
 
84.88 
 
68.36 
 
0.8829 
 
11.04 
 
17.46 
 
1.558 
 
97.31 
 
6.345 
 160 
 
0.812 
 
30.34 
 
44.72 
 
1.6817 
 
22.37 
 
19.42 
 
1.533 
 
98.17 
 
2.779 
 
                    Average standard error 
 
0.09557 
 
20.37 
 
10.04 
 
0.2825 
 
3.415 
 
1.297   0.07106 
 
0.9971 
 
1.228 
 LSD (P<0.05) 
 
0.1966 
 
41.78 
 
20.5975 
 
0.5932 
 
7.0067 
 
2.6483 
 
0.1451 
 
2.039 
 
2.52 
 *, **, *** indicate significance at P < 0.05, P < 0.01, P <0.001 respectively and ns = non significant, means in the same column (trait) followed by different letters are 
significantly different at (P < 0.05).  
 
 
 
116 
 
 
Table 4.5: Relationship between Photosynthesis (A), light interception (LI%), leaf length (cm), leaf width (cm), Intrinsic WUE (WUEintr = A/ gs), 
instantaneous WUE (WUEi = A/E), CO2 (Ci/Ca),stomatal conductance (gs) and transpiration (E) in 16 selected cultivars.  
 
 
 
A gs E LI (%) Leaf length Leaf width WUEintr WUEi Ci/Ca 
A  - 
       
 
gs -0.1186 -     
  
 
E -0.2239 0.964***  - 
   
  
 
LI (%) 0.0773 0.0804 -0.0039  - 
    
 
Leaf length -0.268 0.0783 -0.0199 0.439 - 
   
 
Leaf width 0.2037 -0.358 -0.5117* 0.595* 0.3676 - 
  
 
WUEintr 0.455 -0.7495*** -0.7** -0.0806 -0.3202 0.3141  - 
 
 
WUEi 0.5807* -0.6109* -0.6304** 0.0778 -0.2254 0.4271 0.9113***  - 
 ci/ca -0.5401* 0.7272** 0.6923** 0.0403 0.2999 -0.3346 -0.993*** -0.9269*** - 
*, **, *** indicate significance at P < 0.05, P < 0.01, P <0.001 respectively and ns = non significant, means in the same column (trait) followed by different letters are 
significantly different at (P < 0.05).  
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Fig. 4.8: Comparisons between bread parents and their progeny of (a) transpiration, (b) 
instantaneous water use efficiency, (c) stomatal conductance, and (d) intrinsic water 
use. Different letters indicate significance at P<0.05 between bread parent and its 
progeny and related materials. Values are mean bread parent follows by its progeny and 
the error bars are the standard deviations 
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Fig. 4.9: Comparison between bread parents and their progeny for the ratio of internal 
CO2 concentration to ambient CO2 concentration (Ci/Ca). Values are mean bread parent 
followed by its selected doubled haploid progeny and the error bars are the standard 
deviations 
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Fig. 4.10: Comparisons between bread parents and their progeny in two environments 
(E4 and E5) of (a) instantaneous water use efficiency, (b) intrinsic water use. Different 
letters indicate significance at P<0.05 between environments in each genotype. Values 
are mean of bread parent follows by its progeny and the error bars are the standard 
deviations 
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4.4 Discussion 
Some DH lines studied with cultivated emmer parentage in bread wheat 
backgrounds have shown improvements over the hexaploid bread wheat parent in grain 
water use efficiency, instantaneous water use efficiency, and intrinsic water use 
efficiency. The significant results and their relationships that lead to improvement in 
WUEGrain, WUEi and WUEintr due to cultivated emmer introgression are discussed in 
this section. 
4.4.1 Grain water use efficiency 
Grain filling occurs during late spring when the evaporative demand normally 
exceeds rainfall, and this explains why water was extracted more rapidly in each 
environment (Figure 4.4). In addition, Zhang et al (2013) demonstrated that soil water 
utilization was related to root length density at anthesis. The reproductive and grain 
filling phases are the most sensitive to moisture deficit (Pradhan et al., 2012), so that 
healthy roots that penetrate deep into the soil profile are an important component of 
water use efficiency, particularly on the vertosol soils of northwestern NSW. A number 
of emmer derived lines extracted soil water down to 100 cm in 2015 and 120 cm in 
2014 (Figures 4.5a and 4.5b) and significant results in water availability also observed 
between crop development (CD) and soil depth (Table 4.2). Variation in root 
penetration into the soil in the rainfed situation may be due to less rainfall during the 
season in 2014 than in 2015 (Figures 4.2b and 4.2c). Furthermore, Arbhabhirama and 
Sukchaem (1968) had proved that the water upward flow not approximately equal to 
evaporation from a soil surface if plants roots which absorb water present, capillary 
pressure of the large soil surface is low and the soil water system does not follows the 
drainage cycle; as this characteristic is existed in this experiment. Therefore, these 
results indicate that the roots of emmer derived lines penetrated deeper in rainfed 
conditions than under irrigation. A similar trend of greater root length improving water 
extraction during grain filling is known in cultivar SeriM82 (Manschandi et al., 2006) 
that carries a translocation from rye which may influence its root length, while well-
developed root system allows greater soil water extraction particularly under drought 
conditions (Dodd et al., 2011). Studies of the Pakistani wheat cultivar Dharabi-11 
indicate it has longer roots than other cultivars in drought conditions (Tariq et al., 
2013).  
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The GGE biplot used to analyse the WUEGrain results is based on principal 
component analysis (PCA) to fully explore multi-environment trials (METs) (Fan et al., 
2007; Yan et al., 2000; Yan and Hunt 2002). The lines marked with entries numbers in 
the PCA (Figure 4.6) showed distinctive PCA locations compared to their bread wheat 
parents, suggesting chromosomal introgressions from the emmer parent. The locations 
of emmer derived lines (as marked in Figure 4.6) revealed that these lines outperformed 
their bread wheat parents and checks, and had high pottential for further breeding and/or 
subsequently release to farmers. The GGE biplot by using PCA is working as a 
hypothesis generator in selection from a larger dataset (Yan and Hunt, 2002). This 
observation also used to draw a hypothesis and these DH lines are sorted and high 
WUEGrain compared to bread wheat parent was observed (Figures 4.7a and b). The grain 
water use efficiency improved hexaploid bread wheat in rainfed environment due to 
diversity in cultivated emmer wheat, as shown in Figures 4.7a and 4.7b, where Sokoll 
and PBW 502 derived lines are significantly higher in WUEGrain in rainfed compared to 
irrigated environments. The same DH lines showed increments in WUEGrain compared 
to their bread parent in 2014 (E2 and E3) but not as significantly higher as in 2015 (E4 
and E5, Figures 4.7a and b). This was likely due to rainfall during the season in 2014 
(154.6 mm) is lesser than 2015 (236.8 mm) and the plant could not reveal its full 
potential in WUEGrain in irrigated environment.  
4.4.2 Water use efficiency at the leaf level 
High intrinsic water use efficiency (WUEintr) is positively correlated with grain 
water use efficiency (WUEGrain) in DH lines with entries number 146, 112 and 104 
(Figures 4.6 and 4.8). These genotypes are more water use efficient at the leaf level than 
their bread wheat parent. The same trends observed in DH lines 104 and 112, where 
WUEi is positively correlated with WUEintr (Figures 4.8b and d). These lines were 
significantly higher in WUE than their bread parent (PBW 502); these emmer derived 
lines had high photosynthetic rate with reduced transpiration (Figure 4.8a) and stomatal 
conductance (Figure 4.8 c) indicating high WUE in leaf level. Reduced stomatal 
conductance is the primary cause of reduced photosynthesis during the initial onset of 
drought (Cornic, 2000). However, non-stomatal/metabolic impairment may occur first 
thus increasing the internal CO2 concentration (Ci) and may also result in temporary 
stomatal closure (Briggs et al., 1986). Intrinsic water use efficiency (A/gs) is negatively 
correlated with transpiration, stomatal conductance and Ci/Ca in DH lines entries 104, 
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112 and 146. These DH lines had higher WUE in leaf level compared to their bread 
parent (PBW 502 and DBW 16) (Figures 4.8b, c, d and 4.9). Therefore, emmer derived 
lines can increase WUE at the leaf level by reducing stomatal conductance (gs), 
transpiration and Ci/Ca subsequently increase photosynthesis. A lower value of Ci/Ca 
and hence improved WUEintr can be achieved either through lower stomatal conductance 
or higher photosynthetic capacity or combination of both (Condon et al., 2002).  
Genetic improvements can increase the currently accepted maximum value of 
transpiration efficiency (Condon et al., 2002). Negative relationships were observed 
between transpiration with leaf width (P<0.05, r = -0.51), WUEintr (P<0.01, r -0.7) and 
WUEi (P<0.001; r= -0.63) so that emmer derived lines that had expressed low 
transpiration at midday tend to be more efficient in WUE in the leaf level. Overall 14 of 
16 selected genotypes had higher WUE at the leaf level in rainfed compared to irrigated 
environments except for entry DH lines 103 and 104 (Figures 4.10 a and b). Low WUE 
at the leaf level observed in rainfed compared to irrigate is likely due to high 
photosynthesis in irrigated environments with low transpiration and stomatal 
conductance compared to bread parent (Figures 4.8a and c). These lines came from 
same emmer parent (T. dicoccon AUS 21758) and had higher WUEGrain to their bread 
parent (Figure 4.7b) in rainfed condition. Clearly the grain water use efficiency and 
water use efficiency at the leaf level results from this study have shown that 
conventional breeding by exploiting diversity of cultivated emmer wheat for yield 
expansion in wheat, for dry environment ca be expected to give the positive results, as 
proven in other research where crop productivity improvement in drought-prone areas 
through conventional breeding is a practical strategy (Trethowan et al., 2002; Tariq et 
al., 2013). 
4.5 Summary 
This chapter has demonstrated emmer contributions to WUEGrain and gas exchange 
WUE (WUEintr and WUEi) by using PCA for discrimination purposes from the huge 
data set. Most of the ideal genotypes (Chapter 3) suggest an emmer contribution in 
WUEGrain shown from contrasts distinctive features from their bread wheat parents. The 
different responses due to the genotypes adaptation water deficit condition may also 
influence grain quality, as discussed in Chapter 5.    
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CHAPTER 5 
The influence of emmer wheat on bread making quality 
5.1. Introduction 
Grain protein content (GPC), test weight (TW) and grain moisture are important 
determinants of bread wheat end-use quality (Elangovan et al., 2011; Drikvand et al., 
2013). Several studies have demonstrated a strong relationship between durum GPC and 
pasta cooking firmness, quality and tolerance to overcooking (Autran et al, 1986; 
D’Egidio et al., 1990). In bread wheat, a positive correlation between grain and flour 
protein content and sodium dodecyl sulfate (SDS) sedimentation volume and most 
mixograph parameters, except mixing development time (MDT) and energy to peak 
(ETP), were reported (Huang et al., 2006; Drikvand et al., 2013). Grain protein content 
is used  to segregate grain for market, thus enabling growers to better capture price 
premiums in value-added markets that pay premiums for quality (Long et al., 2005; 
Long et al., 2008). Whole grain measurement using near infrared reflectance (NIR) 
spectroscopy is widely used to determine grain hardness and protein content (Hunt et 
al., 1977; Norris et al., 1989).  
The successful transfer of desirable quality traits from emmer wheat (Triticum 
turgidum L. subsp. dicoccon Schrank Thell) and the wild diploid goat grass (Aegilops 
tauschii Cosson) into bread wheat has been reported (Lage et al., 2006). Substantial 
variation in grain protein and micronutrients in wild emmer wheat has also been 
reported  (Cakmak et al., 2004; Peleg et al., 2008; Chatzav et al., 2010). The 
environment also has a  significant influence on the expression of grain protein content 
(Blackman and Gill,1980; Marino et al., 2011; Mahjourimajd et al., 2016). The current 
study examined the influence of genetic diversity introduced from emmer wheat 
(Triticum turgidum L. subsp. dicoccon Schrank Thell) into hexaploid bread wheat based 
on changes in grain protein content (%), grain moisture (%) and grain test weight (kg 
per hectolitre, kg hL
-1
) in different environments. The relationship between grain quality 
and yield, thousand kernel weight (TKW), screenings (%) and other physiological traits 
(described in Chapter 3) was assessed.  
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5.2 Materials and methods 
Grain was sampled for analysis from experiments conducted between 2013 and 
2015 and described in Chapters 3 and 4.  In summary, the experiments were sown on 
stored soil moisture and the following water regimes were generated: (i) high moisture 
where moisture stress was minimized using irrigation (E1, E3, and E5), and (ii) low 
moisture or rainfed (E2 and E4) where no water was applied during crop growth. 
Genotypic variation and environment effects in grain quality were evaluated each year.  
5.2.1 Measurement of grain quality traits 
Grain samples from each harvested plot were maintained after harvest. Whole 
grain protein content (%), test weight (kg per hectolitre, kg hL-1) and moisture content 
(%) were assessed by NIT (Near Infrared Technology) on an Infratec
TM 
1241 Grain 
analyser (FOSS, HillerØd, Denmark) using the wheat calibration WH002010. The grain 
was kept in a temporary cold room (10-15°C) with humidity 16-20% following harvest. 
Twenty-four hours prior to analysis, 450g cleaned grain samples were maintained at 20-
21°C at a humidity of 45-50% room.  The measurement of all samples was completed 
within fourteen days each year.  The physiological traits assessed and methods used are 
presented in Chapter 3.  
5.2.2 Statistical analysis 
A combined analysis was conducted to examine the differences among the five 
contrasting environments using the linear mixed model REML function of GenStat 
version 16.0 (Payne et al. 2011) and significance was tested at P<0.05. The fixed model 
was genotypes*environment and the random model was environment/(range.row). 
Relationships among traits were calculated using Pearson’s simple correlation test in 
GenStat (Payne et al. 2011). Principal component analysis (PCA) of WUEGrain was 
performed using PAST software (Hammer et al., 2001) . Heritability was estimated 
using the equation presented in Chapter 3 and described by Nyquist and Baker, 1991.  
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5.3 Results 
5.3.1 Environment 1 (E1): irrigated (2013) 
Analysis of E1 indicated large and significant genotype effects (P<0.001) for all 
quality traits (Table 5.1). The correlations coefficients between grain quality traits and 
all other traits evaluated in E1 are presented in Table 5.2. A positive correlation was 
observed between grain protein (%) and TKW (P<0.001; r = 0.24) indicating that 
protein content increases with increasing grain weight. The same pattern was observed 
between protein content and grain filling days (P<0.001; r = 0.20) and canopy 
temperature during grain filling (P<0.001; r = 0.23) (Table 5.2). As expected, yield was 
negatively correlated with grain protein content (P<0.001; r = -0.49) and grain protein 
content explained 24% of the variation in grain yield (Figure 5.1a). The same pattern of 
negative correlation was observed between grain protein content and plant height 
(P<0.001; r = -0.497), grain moisture (P<0.001; -0.24), screenings (P<0.001; r = -0.41) 
and grain test weight (P<0.001; r = -0.23). Grain protein content also explained 25%, 
12%, and 5.5% of the variation in plant height, grain moisture and test weight 
respectively (Figures 5.1b, c and d).   
Some of the selected lines with high grain protein content from red circles and 
rectangles shape in Figure 5.1 were compared (Figure 5.2). Comparisons of the bread 
wheat parents and derived progeny for protein content, yield, heading days and plant 
height are presented in Figures 5.2 (a-d). Some PBW 550 and DBW 17 derivatives had 
significantly (P<0.05) higher protein content than their bread wheat parents except for 
entries 199 and 156 (Figure 5.2a). Interestingly, the grain yield of the selected 
derivatives was also significantly (P<0.05) higher than their bread wheat parents with 
the exception of entries 200, 156 and 479 (Figure 5.2b). The PBW550 derivatives were 
significantly (P<0.05) later heading than the parent genotype although no differences 
were observed between DBW 17 and its derivatives (Figure 5.2c).  Significant 
differences (P<0.05) for plant height between PBW 550 and its derivatives were 
observed with entries 124 and 129 being shorter than the parent. Similarly, the DBW 17 
derivative line entry 479 was shorter than the parent (Figure 5.2d). A negative 
correlation was observed between grain protein content and heading days (P<0.001; r = 
-0.70) and the relationship between the bread wheat parents and their derivatives lines 
are presented in Figures 5.3 (a-h). Red circles indicated those progeny with higher grain 
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protein content than their bread wheat parent (Figures 5.3 a-h). A negative correlation 
was observed between grain test weight and thousand kernel weight (P<0.001; r = -
0.31).  
Table 5.1: Wald statistics from the tests of fixed effects for  grain quality in E1(2013) 
Traits Wald  d.f. Wald/d.f Chi pr 
Grain protein (%) 23971.26 477 50.25 <0.001 
Grain moisture (%) 662.02 477 1.39 <0.001 
Grain test weight (kg hL
-1
) 27647.33 477 57.96 <0.001 
 
Table 5.2: Correlation coefficients between quality traits and other traits evaluated in E1 
Traits Grain Protein Grain test weight Grain moisture 
TKW 0.2351*** -0.3061*** -0.0655ns 
CT (Anth) 0.1376** 0.1187* -0.0304ns 
CT (Boot) -0.0017ns 0.0699ns 0.0249ns 
CT (GF) 0.2306*** 0.1582*** -0.054ns 
CT (Head) -0.0474ns 0.1821*** 0.1268* 
Ground cover 0.1454** -0.1229* -0.0547ns 
GFD 0.2022*** -0.1226* 0.1271* 
Heading Days  -0.6965*** -0.1009* 0.2459*** 
Plant Height -0.497*** -0.1038* 0.1313** 
Maturity days -0.6146*** -0.2307*** 0.4155*** 
Grain moisture -0.2379*** -0.1561***  - 
NDVI (Z45) -0.1167* -0.0286ns 0.0808ns 
NDVI  
0.0257ns -0.1579*** 0.1247* 
(Z49-Z61) 
NDVI  
0.0257ns -0.1579*** 0.1247* 
(Z61-Z69) 
NDVI  
-0.0796ns 0.0358ns 0.1284** 
(Z75-Z77) 
Grain Protein  - -0.2344*** -0.2379*** 
Screening  -0.4148*** -0.0247ns 0.0391ns 
Grain test weight -0.2344***  - -0.1561*** 
Yield -0.4942*** -0.1033* 0.2617*** 
TKW, thousand kernel weight; CT(Anth), (Boot), (GF), (Head), canopy temperature (Anthesis), 
(Booting), (Grain filling) and (Heading) respectively; GFD, grain filling days; MD, maturity days; NDVI 
(stage), normalized difference vegetation index. *, **, *** indicate significance at P < 0.05, P < 0.01, P 
<0.001 respectively and ns = not significant. 
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Fig. 5.1: Correlation of protein % with a) Yield (t/ha) (r = -0.4942); b) Height (cm) (r = 
-0.497); c) moisture (%) (r = -0.2379) and d) test weight (kghL
-1
) (r = -0.2344) in E1. 
*** indicate significance at P <0.001. The bread wheat parents are highlighted with 
blue triangles. The red circles and rectangles indicate genotypes had higher grain 
protein content than their bread wheat parents 
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Fig. 5.2: Comparison of bread wheat parents and selected progeny for a) Protein (%), b) 
Yield (t/ha), c) heading days and d) plant height (cm) for genotypes highlighted with a 
rectangle in Figure 5.1a. Different letters indicate significance at P<0.05. Values are the 
mean and the error bars are standard deviations 
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Fig. 5.3: Correlation between protein (%) and heading days for bread wheat parents 
(blue triangles) and their progeny in E1.Circles indicate progeny that have significantly 
(P<0.05) higher protein content (%) than their bread wheat parent. *, **, *** indicate 
significance at P < 0.05, P < 0.01, P <0.001 respectively and ns = not significant 
129 
 
5.3.2 Environment 2 (E2): rainfed (2014)  
Analysis of E2 (rainfed) indicated large and significant (P<0.001) genotypic 
effects for grain protein and test weight but not grain moisture (Table 5.3). The 
correlation coefficients between grain quality traits and all other traits are presented in 
Table 5.4. A positive correlation was observed between grain protein content and 
chlorophyll content index (CCI) assessed at heading (P<0.001; r = 0.28) and anthesis 
(P<0.001; r = 0.23). There was a negative correlation between grain protein and yield 
(P<0.05; r = -0.18) and test weight (P<0.001; r = -0.34). Grain protein content explained 
3.2% and 15.2% of the variation in yield and test weight respectively (Figures 5.4a and 
b). The circled genotypes in Figures 5.4a and b are derived lines with significantly 
higher protein content (P<0.05) than their bread wheat parent. A positive correlation 
between yield (P<0.001; r = 0.48) and test weight was observed and 21% of the 
variation in yield could be explained by test weight (Figure 5.5a). A negative correlation 
between test weight and plant height (P<0.001; r = -0.35) was observed and 16% 
variation of the variation in plant height was explained by test weight (Figure 5.5b). The 
positive correlation between grain moisture and normalized difference vegetative index 
(NDVI; P<0.001; r = 0.40) during grain filling showed that genotypes with higher green 
area tended to have higher grain moisture.   
    
   Table 5.3: Independent analysis of grain quality in E2 (2014) 
Traits Wald  d.f. F F pr 
Grain protein (%) 2523.4 202 12.65 <0.001 
Grain moisture (%) 256.41 202 1.28 0.133 
Grain test weight (kg hL
-1
) 10596.97 202 53.18 <0.001 
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Table 5.4: Correlation coefficients between quality traits and other traits evaluated in E2 
Traits Grain Protein Grain test weight Grain moisture 
Ground cover 0.0994ns -0.1306ns -0.0093ns 
TKW -0.0965ns -0.0507ns -0.1141ns 
CCI (Anthesis) 0.2306*** -0.2279** -0.0717ns 
CCI (Heading) 0.2768*** -0.3304*** 0.018ns 
CT (Heading) 0.0869ns -0.0507ns 0.0243ns 
Grain filling -0.0293ns 0.1032ns 0.0443ns 
Grain Moisture -0.1525* -0.0095ns - 
NDVI (Z49-Z59) 0.1244ns 0.0767ns 0.0639ns 
NDVI (Z73) 0.0526ns -0.104ns 0.4033*** 
Grain protein - -0.3766*** -0.1525* 
Grain test weight -0.3766*** - -0.0095ns 
WUEGrain -0.1814* 0.4824*** -0.1318ns 
Yield  -0.181* 0.4804*** -0.1299ns 
Plant Height 0.0733ns -0.3532*** 0.0136ns 
Heading days  -0.1648* -0.2651*** 0.1428* 
TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation 
index; WUEGrain, grain water use efficiency. *, **, *** indicate significance at P < 0.05, P < 0.01, P 
<0.001 respectively and ns = not significant. 
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Fig. 5.4: Correlation of protein with a) Yield (r = -0.181); b) Grain test weight (r = -
0.3766) in E2. * and *** indicate significance at P <0.05 and <0.001. The red circles 
indicate genotypes higher in protein content (%) compared to bread wheat checks and 
significantly (P<0.05) higher than the bread wheat parent (PBW 550)
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Fig. 5.5: Correlation of grain test weight (kghL
-1
) with a) Yield (r = 0.4804) and b) Plant 
height (r = -0.3532)  in E2. *** indicates significance at P <0.001 
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5.3.3 Environment 3 (E3): irrigated (2014) 
Significant genotype effects for all quality traits were observed in E3 (irrigated) 
(Table 5.5). The correlation between grain quality traits and all other traits are in Table 
5.6. A negative correlation was found between grain protein and grain test weight 
(P<0.001; r = -0.34), NDVI during grain filling (P<0.01; r = -0.23) and heading days 
(P<0.001; r = -0.31). Some progeny lines had higher grain protein and shorter grain 
filling than their parents (highlighted by the rectangle in Figure 5.6a). Grain protein 
explained 15% of the variation in test weight (Figure 5.6b). Lines with shorter grain 
filling days and high protein content highlighted in the rectangle were compared to their 
bread wheat parent for grain protein content, yield, test weight and moisture (Figures 
5.7 (a-d)). These progeny had slightly higher grain protein compared to their bread 
wheat parent although this was not significant.  No significant difference was observed 
for yield, test weight and moisture, with the exception of entry 132 which produced 
higher grain protein content than PBW 550. Similar to E2, a positive correlation was 
observed between test weight and grain yield (P<0.001; r = 0.43). Negative correlations 
were found between test weight and TKW (P<0.01; r = -0.20), ground cover (P<0.001; r 
= -0.2), CCI during heading (P<0.001; r = -0.39) and anthesis (P<0.001; r = -0.34); 
NDVI at heading (P<0.001; r = -0.25) and plant height (P<0.001; r = -0.37).  
Table 5.5: Wald statistics from tests of fixed effects for grain quality traits in E3 (2014) 
Traits Wald  d.f. F F pr 
Grain protein (%) 2902.17 202 14.58 <0.001 
Grain moisture (%) 445.53 202 2.24 <0.001 
Grain test weight (kg hL
-1
) 16420.63 202 82.15 <0.001 
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Table 5.6: Correlation coefficients between quality traits and other traits evaluated in E3 
Traits Grain Protein Grain test weight Grain moisture 
TKW 0.0363ns -0.2045** 0.0821ns 
Grain Moisture -0.0826ns 0.0299ns - 
Grain test weight -0.3351*** - 0.0299ns 
WUEGrain -0.1198ns 0.4315*** 0.017ns 
Ground cover 0.137ns -0.2005** -0.0998ns 
CCI (Anthesis) 0.3447*** -0.3428*** 0.0842ns 
CCI (Heading) 0.2153** -0.3894*** 0.0072ns 
CT (Heading) 0.1416* -0.0688ns 0.0518ns 
Grain filling 0.2463*** 0.1194ns -0.0403ns 
NDVI (Z49-Z59) 0.1075ns -0.246*** -0.0759ns 
NDVI (Z73) -0.2274** 0.1881* 0.0717ns 
Grain protein - -0.3351*** -0.0826ns 
Yield  -0.1124ns 0.4281*** 0.015ns 
Plant height -0.1342ns -0.3672*** -0.0409ns 
Heading days  -0.3139*** -0.1468* 0.0231ns 
TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation 
index; WUEGrain, grain water use efficiency; CT, canopy temperature. *, **, *** indicate significance at P 
< 0.05, P < 0.01, P <0.001 respectively and ns = not significant. 
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Fig. 5.6: Comparison of protein content (%) with a) grain filling days (r = 0.2463) and 
b) grain test weight (kghL-1) (r = -0.3351). The red rectangle indicates genotypes had 
higher grain protein with shorter grain filling than their bread wheat parents 
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Fig. 5.7: Comparisons between bread wheat parents and their progeny for: a) Protein 
(%), b) Yield (t/ha), c) Test weight (kghL-1) and d) moisture (%) for genotypes 
highlighted in the rectangle in Figure 5.6a. Different letters indicate significance at 
P<0.05. Values are the mean and the error bars are the standard deviations 
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5.3.4 Environment 4 (E4): rainfed (2015) 
Analysis of the E4 (rainfed) experiment indicated large and significant genotype 
effects for all quality attributes (Table 5.7). The correlation between grain quality traits 
and all other traits are presented in Table 5.8. A negative correlation were observed 
between grain protein and TKW (P<0.001; r = -0.61) and yield (P<0.001; r = -0.33). 
Grain protein explained 36% and 13% of the variation in TKW and yield, respectively 
(Figures 5.8 (a–b)). All the bread wheat parents and checks had higher protein content 
and lower TKW than their progenies in E4 (Figure 5.8a). A positive correlation were 
observed between grain protein and moisture (P< 0.001; r = 0.3), screenings (P< 0.001; 
r = 0.54) and heading days (P< 0.001; r = 0.38). Grain protein explained 21% and 29% 
of the variation in test weight and screenings, respectively (Figures 5.8c and d). A 
significant positive correlation of test weight with TKW (P< 0.001; r = 0.28) and NDVI 
(H-F; P< 0.001; r = 0.25) was observed. Significant negative correlations between grain 
test weight and CCI in the milky stage (P< 0.001; r = -0.21), plant height (P< 0.001; r = 
-0.40), moisture (P< 0.001; r = -0.33), screenings (P<0.001; r = -0.39) and heading days 
(P< 0.001; r = -0.54) were observed. A significant positive correlation between grain 
moisture and screenings (P< 0.001; r = 0.44) and heading days (P< 0.001; r = 0.48) was 
found. Later heading genotypes tended to have  smaller seed with high grain moisture in 
this environment. A negative correlation between grain moisture and TKW (P< 0.001; r 
= -0.28) observed.   
Table 5.7: Wald statistics from tests for fixed effects for grain quality in E4 (2015) 
Traits Wald  d.f. F F pr 
Grain protein (%) 1331.74 199 7.09 <0.001 
Grain moisture (%) 828.83 199 4.44 <0.001 
Grain test weight (kg hL
-1
) 4702.71 199 25.05 <0.001 
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Table 5.8: Correlation coefficients between quality traits and other traits evaluated in E4 
Traits Grain Protein Grain test weight Grain moisture 
TKW -0.607*** 0.2796*** -0.2748*** 
CCI Milky -0.0008ns -0.2145** -0.063ns 
Ground cover  0.0365ns -0.1985** -0.0365ns 
Plant height 0.0381ns -0.4041*** 0.1209ns 
Grain moisture 0.2998*** -0.3301*** - 
NDVI elongation 0.0459ns 0.0158ns 0.121ns 
NDVI (Tillering) -0.0048ns -0.1938* -0.0454ns 
NDVI (H-F) -0.0399ns 0.2516*** 0.014ns 
Grain protein - -0.4602*** 0.2998*** 
Screenings 0.5439*** -0.3877*** 0.4371*** 
Heading days  0.3778*** -0.5368*** 0.4791*** 
Grain test weight -0.4602*** - -0.3301*** 
WUEGrain -0.3353*** 0.2412*** -0.0615ns 
Yield  -0.3342*** 0.2441*** -0.0569ns 
TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation 
index; H-F, head to flowering and WUEGrain, grain water use efficiency. *, **, *** indicate significance at 
P < 0.05, P < 0.01, P <0.001 respectively and ns = not significant. 
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Fig. 5.8: Correlation between protein and a) Thousand kernel weight (g) (r = -0.607); b) 
Yield (t/ha) (r = -0.3342); c) Test weight (kghL
-1
) (r = -0.4602) and d) Screenings (%) (r 
= 0.5439) in E4 
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5.3.5 Environment 5 (E5): irrigated (2015) 
Analysis of E5 showed significant genotypic effects for all quality traits except 
grain moisture (Table 5.9). The correlations between grain quality traits and all other 
traits are presented in Table 5.10. Negative correlation was observed between grain 
protein and TKW (P< 0.001; r = -0.52), test weight (P< 0.001; r = -0.47) and yield (P< 
0.001; r = -0.27).  Genotypes with high grain protein tended to have lower TKW, test 
weight and yield. However, a positive correlation was observed between grain protein 
and screenings (P<0.001; r = 0.6), heading days (P< 0.001; r = 0.33) and plant height 
(P<0.001; r = 0.28).  Genotypes with higher grain protein content tended to be tall, later 
heading with smaller seed. Grain protein explained 13%, 37%, 21% and 29% of the 
variation in yield, screenings, test weight and TKW respectively, as presented in Figures 
5.9 (a-d). A negative correlation was observed between grain test weight and CCI 
during milk development (P< 0.001; r = -0.44), plant height (P<0.001; r = -0.53) and 
heading days (P< 0.001; r = -0.27). Therefore, genotypes with higher test weight tended 
to be shorter, earlier flowering with reduced CCI at milk development stage. A positive 
correlation between grain test weight and yield (P< 0.01; r = 0.21) observed.  
Table 5.9: Wald statistics from tests of fixed effects for grain quality in E5 (2015) 
Traits Wald  d.f. F F pr 
Grain protein (%) 1428.09 198 7.72 <0.001 
Grain moisture (%) 334.41 198 1.8 0.06 
Grain test weight (kg hL
-1
) 2943.67 198 14.99 <0.001 
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Table 5.10: Correlation coefficients between quality traits and other traits evaluated in  
       E5 
Traits Grain Protein Grain test weight Grain moisture 
TKW -0.5214*** 0.0136ns 0.0414ns 
CCI Milky 0.1198ns -0.4383*** -0.0965ns 
Ground cover  0.161* -0.0749ns 0.0864ns 
Plant height 0.2749*** -0.5264*** -0.0306ns 
Grain moisture -0.093ns 0.0104ns - 
NDVI (elongation) -0.0447ns 0.133ns -0.1048ns 
NDVI (Tillering) 0.0323ns -0.065ns -0.0309ns 
NDVI (H-F) -0.0221ns 0.1514* -0.1395ns 
Grain protein - -0.4671*** -0.093ns 
Screening 0.599*** -0.1382ns -0.0122ns 
Heading days (S-H) 0.3333*** -0.2657*** -0.0412ns 
Grain test weight -0.4671*** - 0.0104ns 
WUEGrain -0.2598*** 0.2126** 0.1205ns 
Yield  -0.2682*** 0.2129** 0.1117ns 
TKW, thousand kernel weight; CCI, chlorophyll content index; NDVI, normalized difference vegetation 
index; and WUEGrain, grain water use efficiency. *, **, *** indicate significance at P < 0.05, P < 0.01, P 
<0.001 respectively and ns = not significant. 
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Fig. 5.9: Correlations between protein and a) Yield (t/ha) (r = -0.2682); b) Screenings 
(%) (r = 0.599); c) Test weight (kghL
-1
) (r = -0.4671); and d) Thousand kernel weight 
(g) (r = -0.5214) in E5 
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5.3.6 Paired environments (E2 and E3): 2014 
Combined analysis of E2 (irrigated) and E3 (rainfed) produced significant 
genotype and environments main effects and significant genotype x environment 
interactions for all grain quality traits (Table 5.11). Twelve of 200 genotypes were 
categorized as ideal genotypes from the GGE (genotype main effects with genotype by 
environment interaction) biplots presented in Chapter 3. The comparison of these ideal 
genotypes in E2 and E3 in 2014 is presented in Figure 5.10. No significant difference 
between two environments was observed for grain protein content with the exception of 
genotypes  25, 14, 186, 98 and 50 (Figure 5.10a), even though E2 produced higher grain 
protein than E3. Significant (P< 0.05) differences between environments were observed 
for yield with E3 (irrigated) producing higher yield than E2 (rainfed) (Figure 5.10b). All 
twelve ideal genotypes showed significant differences in grain test weight between 
environments with the exception of entries 186, 129, 53 and 48 (Figure 5.10c). No 
significant differences in grain moisture (%) were observed between the environments 
(Figure 5.10d). Overall, TKW was higher in E3 (irrigated) than E2 (rainfed).   
Table 5.11: Wald statistics from tests of fixed effects for grain quality in E2-E3 (2014) 
Traits 
Source of 
variation 
Wald  n.d.f. F  d.d.f. F pr 
Grain protein (%) Genotype 4539.24 202 22.5 176.2 <0.001 
 
Environment 52.81 1 52.81 54.1 <0.001 
 
Genotype x 
Environment 
520.09 202 2.58 214.3 <0.001 
Grain moisture (%) Genotype 390.88 202 1.94 176.8 <0.001 
 
Environment 19.97 1 19.97 63 <0.001 
 
Genotype x 
Environment 
251.81 202 1.25 231 0.053 
Grain test weight (kg 
hL
-1
) Genotype 
23094.86 202 114.44 186.9 <0.001 
 
Environment 94.91 1 94.91 62.2 <0.001 
 
Genotype x 
Environment 
448.5 202 2.22 222.4 <0.001 
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Fig. 5.10: Comparisons of 12 ideal genotypes in two environments (E2, rainfed and E3, 
irrigated) in 2014 based on GGE biplot analysis in Chapter 3 for a) grain protein (%); b) 
yield (t/ha); c) grain test weight (kghL
-1
); d) grain moisture(%); e) thousand kernel 
weight (g). Different letters indicate significance at P<0.05 between environments. 
Values are the mean and the error bars are the standard deviations 
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5.3.7 Paired environments (E4 and E5): 2015 
Combined analysis of E4 (rainfed) and E5 (irrigated) in 2015 produced 
significant main effects and interactions for all grain quality traits with the exception of 
environment for grain protein and genotype x environment for grain moisture (Table 
5.12). The comparison of the same twelve ideal genotypes between these environments 
is presented in Figure 5.11. No significant difference was observed in grain protein 
content between environments (Figure 5.11a). Only one line (entry 14) showed a 
significant difference (P< 0.05) in yield between environments; it was higher in E5 
(irrigated) compared to E4 (rainfed) (Figure 5.11b). Grain test weight was significantly 
different between environments with the exception of Suntop and entry 25 (Figure 
5.11c). Overall, no significant difference was observed in grain moisture (%) except for 
entries 186 and 39 (Figure 5.11d). Similarly, TKW did not differ significantly between 
environments (Figure 5.11e). Overall, a higher screenings percentage was observed in 
E4 (rainfed) compared to E5 (irrigated) (Figure 5.11f).      
 
Table 5.12: Wald statistics from tests for fixed effected of grain quality in E4-E5 (2015) 
Traits Source of variation Wald n.d.f. F d.d.f. F pr 
Grain protein (%) Genotype 2689.94 199 13.57 107.8 <0.001 
 
Environment 2.27 1 2.27 42.9 0.14 
  
Genotype x Environment 321.04 198 1.62 130.1 0.002 
Grain moisture (%) Genotype 470.98 199 2.38 92.9 <0.001 
 
Environment 50.79 1 50.79 43.6 <0.001 
  
Genotype x Environment 234.13 198 1.18 131.3 0.149 
Grain test weight (kg hL
-1
) Genotype 7156.99 199 36.15 97 <0.001 
 
Environment 593.22 1 593.22 44.3 <0.001 
  
Genotype x Environment 479.38 198 2.42 132.3 <0.001 
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Fig. 5.11: Comparison between 12 ideal genotypes in two environments (E4, rainfed 
and E5, irrigated) in 2015 based on GGE biplot in Chapter 3 for a) grain protein (%); b) 
yield (t/ha); c) grain test weight (kghL
-1
); d) grain moisture (%); e) thousand kernel 
weight (g); f) grain screenings (%). Different letters indicate significance at P<0.05 
between environments. Values are the mean and the error bars are the standard 
deviations 
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5.3.8 All environments: 2013-2015 (200 genotypes in common across all  
environments E1-E5) 
The combined analysis of grain quality across all environments revealed large 
and significant genotype, environment (P< 0.001) and genotype by environment 
interaction (P< 0.001) effects with the exception of genotype x environment interaction 
for grain moisture (Table 5.13). High heritability was observed for grain protein (0.72), 
grain moisture (0.87) and grain test weight (0.95) indicating that these traits are under 
strong genetic control. Grain protein content varied across environments with E1 > E4 > 
E5 > E2 > E3. Other traits varied by environment including moisture (%) where E4 > 
E5 >E2 > E3 > E1 and test weight where E1 > E3> E4 >E2 > E5 (Table 5.13). The high 
grain moisture (%) in rainfed than irrigated for both years where E2 > E3 (2014 trial) 
and E4 > E5 (2015 trial) may be due to equilibrium moisture content, where moisture 
move from the air to the grain and vise versa during storage (FAO, 2011). Correlation 
coefficients of grain quality traits between environments are presented in Table 5.14. 
Positive and significant relationships among the five environments were observed for 
grain test weight (P< 0.001; 0.73< r < 0.96). The same trends were observed for grain 
protein (P< 0.001; 0.26< r < 0.67) and grain moisture (P<0.001; 0.13< r <0.38) (Table 
5.14).   
a. Contribution of emmer wheat to grain protein content 
The principle component analysis (PCA) explained 81.67% of the total variation 
in grain protein content for the five environments (Figure 5.12). E1 explained the 
greatest portion of the genotype x environment interaction followed by E3, E4, E5 and 
E2. Symbols with the same shape in Figure 5.12 indicate lines originating from the 
same bread wheat parent and the same coloured symbol indicates lines derived from the 
same emmer parent. Two emmer (accession id: T.dicoccon 500110 (bright pink; marked 
with numbers 28, 30, 38, 39, 66, 67, 68, 70, 71, 72, 167 and 177) and T.dicoccon 
C18644 (red; marked with numbers 19, 18, 20, 65, 159, 160, 162, 163 and 175)) derived 
lines (Figure 5.12) produced high protein content compared to their bread wheat parent 
(labelled P1, P2, P3, P4, and P5). Berkut (P5) derived lines that showed a different 
response based on grain protein, moisture, yield, test weight and TKW to the bread 
wheat parent Berkut are presented in Figures 5.12 and 5.13. Berkut derived lines with 
significantly higher grain protein than Berkut (P<0.05) were observed, whereas, no 
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significant differences in grain moisture were observed, except for entry 18 (Figure 
5.13a). No significant differences in yield and grain test weight were observed between 
Berkut and its derived lines (Figure 5.13b and c) but differences in TKW were 
observed. 2-49/Cunningham//Kennedy (P1) derived lines more distant from their bread 
wheat parent in Figure 5.12 were also compared for grain protein, moisture, test weight, 
yield and TKW and the results presented in Figure 5.14. Significantly higher protein 
content was observed in derived lines compared to 2-49/Cunningham//Kennedy, 
although grain moisture did not differ (Figure 5.14a). There were significant reductions 
in yield between the bread wheat parent and the derived entries 66 and 72 (Figure 
5.14b). Some lines also had significantly (P<0.05) lower grain test weight compared to 
the bread wheat parent (Figure 5.14c). However, a number of derived lines had 
significantly higher TKW compared to 2-49/Cunningham//Kennedy (Figure 5.14d). 
 Combined analysis of ideal genotypes across the five environments showed 
significantly (P<0.05) higher grain protein content in some derivatives compared to the 
regional commercial checks cultivar Suntop (Figure 5.15a). However, no significant 
differences were observed in grain yield (Figure 5.15b) among all ideal genotypes. Six 
DH lines (entries 39, 53, 173, 48, 50, and 174) showed significant (P<0.05) different 
and low test weights compared to Suntop (Figure 5.15c). Two DH lines (entries 186 and 
48) had significantly (P<0.05) different and low moisture contents compared to Suntop 
(Figure 5.15d). Suntop, entries 25 and 14 produced significantly lower TKW compared 
to other ideal genotypes (Figure 5.15e). All ideal genotypes had lower screenings 
percentage than Suntop.  
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Table 5.13: Wald statistics from the combined analysis of grain quality across all 
environments (E1-E5) 
     Traits   
  
Grain 
protein 
(%) 
 
Grain 
moisture 
(%) 
 
Grain test weight 
(kg hL
-1
)  
Source of 
variation 
d.f. Wald F Wald F Wald F 
        Genotypes 199 1606.95 8.08 365.18 1.84 9519.75 47.84
 
  
*** 
 
*** 
 
*** 
Environment 4 2742.67 685.67 73582.09 18395.52 13000 3250 
 
  
*** 
 
*** 
 
*** 
Genotype x 
Environment 
792 2016.19 2.55 690.24 0.87 1718.03 2.17 
 
  
*** 
 
ns 
 
*** 
        Environment 4 
  
Mean
   E1 
 
14.33 a
 
9.47 e 
 
83.05 a
 E2 
 
13.49 d 
 
9.98 c 
 
80.02 d 
 E3 
 
12.61 e 
 
9.82 d 
 
81.41 b 
 E4 
 
14.07 b 
 
13.11 a 
 
80.70 c 
 E5 
 
13.9 c 
 
12.91 b 
 
76.06 e 
     
LSD (P< 0.05) 
 
0.07245 
 
0.03659 
 
0.1225 
 Standard error 
 
0.03691 
 
0.01864 
 
0.06242 
 
        Heritability 
 
0.7173
 
0.8742
 
0.9528
 *,**,*** indicate significant at P < 0.05, P = < 0.01 and P= <0.001 respectively. Ns= not significant. 
Means in the same column (trait) followed by different letters are significantly different (P<0.05) between 
environment. Quality means for all genotypes evaluated in combined analysis are presented in Table 18 
Appendix I. 
 
Table 5.14: Correlation coefficients between quality traits across all environments  
       (E1-E5) 
  
    
           
Environment  
    
Traits Environment E1 E2 E3 E4 
 
E2 0.4605*** 
   Grain Protein E3 0.582*** 0.6731*** 
  
 
E4 -0.0918ns 0.3784*** 0.0683ns 
  E5 -0.0523ns 0.507*** 0.2607*** 0.6292*** 
Grain test weight E2 0.8108*** 
   
 
E3 0.839*** 0.9561*** 
  
 
E4 0.6714*** 0.8073*** 0.7261*** 
  E5 0.7693*** 0.905*** 0.8811*** 0.812*** 
Grain moisture E2 0.1699* 
   
 
E3 0.2434*** 0.1117ns 
  
 
E4 0.3373*** 0.2067** 0.3819*** 
  E5 0.1279*** 0.119ns 0.1636* 0.2338** 
  *,**,*** indicate significant at P<0.05, P < 0.01 and P<0.001,respectively. Ns = not significant. 
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Fig. 5.12: GGE biplot of 200 lines based on grain protein content in 5 environments. The same shaped symbol indicates lines derived from the same bread wheat parent, and 
the same colour an origin from the same emmer parent. Doubled haploid lines (marked with numbers) showed high protein content compared to its bread wheat parent (label 
P1, P2, P3, P4 and P5). Commercial bread wheat is indicated with a plus symbol and marked with “S” (S1, Sunlin; S2, Suntop; S3, Ega-Gregory; S4, Spitfire)
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Fig. 5.13: Comparison of Berkut and derived progeny for a) grain protein and moisture 
(%), b) Yield (t/ha), c) Test weight (kghL-1) and d) thousand kernel weight (g) in 
combined analysis (E1-E5). Different letters indicate significance at P<0.05. Values are 
the mean and the error bars are the standard deviations 
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Fig. 5.14: Comparison of 2-49/Cunningham//Kennedy and derived progeny for a) grain 
protein and moisture (%), b) Yield (t/ha), c) Test weight (kghL-1) and d) thousand 
kernel weight  (g) in combined analysis (E1-E5). Different letters indicate significance 
at P<0.05 between same trait. Values are the mean and the error bars are the standard 
deviations 
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Fig. 5.15: Comparison of ideal genotypes in five environments based on GGE biplot in 
chapter three for a) grain protein (%); b) yield (t/ha); c) grain test weight (kghL
-1
); d) 
grain moisture(%); e) thousand kernel weight (g); f) grain screening (%). Different 
letters indicate significance at P<0.05. Values are the mean and the error bars are the 
standard deviations 
 154 
 
5.4 Discussion 
This study shows that traits related to grain quality were derived from cultivated 
emmer wheat and expressed in derived lines. Some derived lines produced higher grain 
protein than their bread wheat parent (Figures 5.1a, 5.2a and 5.4) indicating that emmer 
is a useful source of genetic variation for protein content. Similar results were reported 
by Lage et al., (2006) in synthetic hexaploid wheat through interspecific hybridization 
of emmer wheat (Triticum turgidum L. subsp. dicoccon (Schrank) Thell) and wild 
diploid goat grass (Aegilops tauschii Cosson) as described by Mujeeb-Kazi et al. 
(1996), followed by chromosome doubling. These authors found significantly higher 
protein content (15.5%, on average) and longer grains than ‘Seri M82’, the bread wheat 
control (13.1% protein content). Grain protein is usually influenced by environment and 
nitrogen fertilization (Marino et al., 2011). Therefore, the ideal genotypes were 
compared in the same environment in each year to assess responses under similar 
conditions (Figures 5.11a and 5.12a). While some ideal genotypes had higher grain 
protein, many also produced stable yield, high TKW, and lower screenings than Suntop 
(Figures 5.10, 5.11 and 5.15). Eleven DH lines with stable yield across five 
environments, identified in Chapter 3, were derived from five different cultivated 
emmers. These emmers were T. dicoccon AUS 21758, T. dicoccon 500132, T. dicoccon 
500110, T. dicoccon C18644 and BARI 7533. Of these, three produced significantly 
higher grain protein and yield compared to the checks and their bread wheat parent. 
These three emmer wheats are: T. dicoccon 500132 (orange;  ), T. dicoccon C18644 
(red;    ) and Bari 7533 (Dark red;   ) in Figure 5.12. Emmer T. dicoccon 500132 derived 
lines were also most different to their bread wheat parent as presented in Figure 5.12. 
However, environment did influence the expression of protein as emmer derived lines 
gave higher grain protein in E2, E3, and E1 compared to their bread wheat parent, but 
lower  grain protein in E4 and E5.  
Our results showed the expected negative relationship between grain protein and 
yield in each environment (Tables 5.2, 5.4, 5.8 and 5.10). However, this was not 
observed in the ideal genotypes (Figures 5.15a and 5.15b). This negative correlation has 
been frequently observed  (Kibite and Evans, 1984; Gonzalez-Hernandez et al., 2004; 
Marinciu and Săulescu, 2008). However, it does not always apply and broader genetic 
diversity can change this relationship (Gonzalez-Hernandez et al., 2004; Lage et al., 
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2006; Merchuk-Ovnat et al., 2016). This appears to be the case among the selected 
materials (ideal genotypes) as the results suggest that combining high yield and high 
protein content is possible. This is similar to reports on the high yielding lines of wheat 
carrying Gcp-B1gene in Canadian wheat and adapted to Mediterranean-type 
environments of the south and west Australia (Depauw et al., 2011; Eagles et al., 2014). 
The GPC-B1 gene from wild emmer was proposed as having potential mechanism for 
improving increasing grain protein in bread wheat without reducing grain yield. The 
introgression of GPC-B1 gene from the wild tetraploid restored a functional allele in 
cultivars such as Lilian, Burnside and Somerset (Eagles et al., 2014). The high TKW 
and low screenings observed among the ideal genotypes also provides excellent genetic 
diversity for wheat improvement. Clearly, new genes from cultivated emmer were 
introgressed in ideal genotypes and linked with TKW, low screenings, high yield with 
high protein traits observed (Figure 5.15).  
The successful transfer of desirable quality from close relatives was reported 
from Aegilops tauschii Cosson (Cox et al., 1995; Murphy et al., 1997), wild emmer 
wheat (Triticum turgidum L. subsp. dicoccoides) (Law and Payne, 1983; Cantrell and 
Joppa, 1991) and emmer wheat (Triticum turgidum L. subsp. dicoccon (Schrank) Thell) 
(Peña et al., 1993). Therefore, the use of close relative species into advanced breeding 
material and DH technology to achieve the production of true breeding lines in one 
generation is a promising breeding tool. This strategy had produced high yield with high 
protein content and tolerance to drought based on low screenings, subsequently 
improved the end-use quality of hexaploid bread wheat.     
5.5 Summary 
We have demonstrated grain protein quality in each environment to discriminate their 
performance separately and evaluating its stability across environment, since grain 
protein (%) quite sensitive to environment. We also evaluated grain quality in combined 
environment to show the accumulative amount for genotypic comparison and the 
stability in grain quality among ideal genotypes discussed across all chapter previously. 
In the next chapter the diversity found from segregation in each population for each 
traits that discussed in previous chapter includes grain quality will be discussed in 
details.    
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CHAPTER 6 
Association analysis of multiple traits in METs 
6.1 Introduction 
Genome wide association studies (GWAS) or linkage disequilibrium mapping can be 
used to identify associations between traits of interest and genetic markers (Crossa et 
al., 2007; Van Eeuwijk et al., 2010), locating quantitative trait loci (QTL) by the 
strength of the correlation between a trait and a marker (Mackay and Powell, 2007). A 
large set of varieties with phenotypic traits and DNA based markers that randomly 
sample the genome of these varieties is required for this purpose (Mackay and Powell, 
2007). It uses the closely linked markers, whether they are morphological or DNA-
based will be co-inherited (Jones et al., 2013). Drought tolerance is a complex trait and 
plants use various ways for adaptation, including developing large and deep root 
systems, increasing stomatal resistance and accumulation of cellular osmolytes 
(Rampino et al., 2006; Kadam et al., 2012). Grain yield is also a complex trait, and is 
the main indicator studied in environment studies and the main economic driver behind 
successful wheat cropping (Kuchel et al., 2007; Bonneau et al., 2013). It is necessity to 
demonstrate analyse genotype by environment (GE) interaction in improving complex 
traits across environmental gradients (Van Eeuwijk et al., 2010).  
Multiple genes and/or gene-network cascades interacting with each other and 
with the environment determine the drought tolerance trait (Shi et al., 2009; Wu et al., 
2012; Bonneau et al., 2013). Therefore data from multi environmental trials (METs) 
could allow for large GE interactions and find the main effects which are stable in most 
of the environments, thus, minimizing environmental effects (Singh and Singh, 2015). 
This can be achieved by increasing the available number of observations per sample 
subsequently increasing statistical power (Comadran et al., 2011). Reproducibility 
problems and identification of genetic variants that are stable across the environments 
of interest could be overcome by a mixed model association that scans multi 
environmental trials (METs) (Piepho, 2000; Van Eeuwijk et al., 2010). A mixed model 
approach has been used to solve the problems posed by both the diverse nature of the 
germplasm and the presence of extensive GE interactions in a multiple-sites analysis to 
identify the most robust and stable quantitative trait loci (QTL) across environments 
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(Comadran et al., 2011). The genome-wide complex trait analysis (GCTA) software 
that used in this research had five main functions including data management, 
estimation of the genetic relationships from SNPs, mixed linear model analysis of 
variance explained by the SNPs, estimation of the linkage disequilibrium structure, and 
GWAS simulation as described by Yang et al., (2011). Genomic regions for grain yield 
and other genetically complex traits in cereal species have been mapped in QTL studies 
by these methods (Cuthbert et al., 2008; Rebetzke et al., 2008; Bennett et al., 2012).  
There are 3 possibilities of sources that contributed to diversity in this study: (1) 
AABB genomes from the 11 cultivated emmer wheats and a T. dicoccon (emmer)-based 
“synthetic” wheat parents (2) DD genome from Aegilops tauchii from the two synthetic 
wheat parents (Sokoll has a “synthetic” parent); (3) AABBDD genomes from bread 
wheat parents. This study aimed to (i) identify significant marker trait association 
(MTA) with stress response and diversity due to segregation in the population; (ii) 
identify key yield components associated with grain yield in these environments; (iii) 
To identify significant MTAs and their stability across the years.  
6.2 Materials and methods 
A total 804 DH lines, nine bread wheat parents and five checks were used for 
association mapping and the pedigree information is presented in Appendix I (Table 1). 
The number of genotypes entry used in each year for association mapping is presented 
in Table 6.1. 
Table 6.1: Genotypes entry number used in each year for association analysis 
  
Year / Genotype entry no. 
 Trait 2013 2014 2015 
Grain yield 1 - 480 1 - 200 1 - 200 
Canopy Temperature 1 - 480 1 - 200 - 
NDVI 1 - 480 1 - 200 1 - 200 
Ground cover rate 1 - 480 1 - 200 1 - 200 
Heading date 1 - 480 1 - 200 1 - 200 
Maturity date 1 - 480 1 - 200 1 - 200 
Grain filling days 1 - 480 1 - 200 1 - 200 
Plant height 1 - 480 1 - 200 1 - 200 
TKW 1 - 480 1 - 200 1 - 200 
Screenings 1 - 480 1 - 200 1 - 200 
GPC 1 - 480 1 - 200 1 - 200 
Grain moisture 1 - 480 1 - 200 1 - 200 
Grain test weight 1 - 480 1 - 200 1 - 200 
CCI - 1 - 200 1 - 200 
WUE - 1 - 200 1 - 200 
  Note: The pedigree for each genotypes entry number are presented in Appendix I (Table 1) 
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6.2.1 DNA extraction 
DNA extractions were performed at PBI Cobbitty laboratories following the 
modified CTAB protocol of Doyle and Doyle (1990) as described below.  
Four leaves from four different individual plants were harvested from middle of the 
field plots in Narrabri during tillering stage (30-40 days after sowing). An average of 
0.5-0.6 gram leaves were collected to get an average 125µg DNA extracted. The leaf 
samples were placed in dry silica gel inside 15 ml falcon tubes for 7 days at room 
temperature to dry the leaf samples. Three stainless steel beads were added to the dried 
leaf samples in 2 ml labelled Eppendorf tubes and the leaves ground to a fine powder in 
a mixer mill (MM300 Retsch®, Haan, Germany) for two minutes at 20 rpm. Three 2 ml 
tubes were needed for each sample for grinding and beads were removed. Around 700-
800 µl of CTAB (Cetyltrimethyl ammonium bromide) buffer was added to each tube 
and transferred to 15 ml Falcon tube. The CTAB buffer was top up to 7 ml and samples 
were incubated at 65°C for 30 minutes with gently swirling every 10 minutes and then 
allowed to cool down to room temperature. Approximately 7 ml chloroform was added 
and mixed gently by inversion until the two layers homogenised.  
Samples were then centrifuged (Beckman Coulter Allegra 25R) at 4000 rpm at 
room temperature for 10 minutes and the aqueous phase transferred to a clean 15 ml 
Falcon tube and 0.1x of the aqueous volume of 6M ammonium acetate was added (i.e. 
550 µl of 6M ammonium acetate is added in 5.5 ml of aqueous). Cold isopropanol was 
added gently at a ratio of 1:1 of total solution in the tube for nucleic acid precipitation. 
The Falcon tubes were kept at 4°C for 30 minutes and centrifuged at 4000 rpm for 5 
minutes and then the supernatants were discarded slowly. Ethanol (700 µl) with 
concentration 75% was added to pellet (DNA) attached in each Falcon tube and 
transferred to 2 ml tube and centrifuged (Eppendorf 5424) at 13,200 rpm for 10 minutes 
for DNA washing. The DNA pellet washings were repeated and the ethanol were 
removed slowly and DNA was dried in room temperature for 4 hours. Approximately 
500 µl TE (Tris-EDTA) buffer (pH 8) with RNase (1 µl per 100 µl of TE) were added 
to solubilize DNA by incubating at 36°C overnight.  
 Agarose gel electrophoresis was used for DNA quantification. Samples of 1 µl 
of the DNA samples and and dilutions of 10x and 20x were prepared for each sample. 
Gel tray with well comb are prepared and 1% agarose gels poured (1 g agarose powder 
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diluted in 100 ml of 1x TAE (Tris-acetate-EDTA, Tris-acetate 40mM, 1 mM EDTA and 
adjusted to pH8) and microwaved until completely dissolved with 1 µl ethidium 
bromide (0.2-0.5 µg/mL) added for DNA visualization). A commercial DNA ladder 25 
ng (1 µl) and 50 ng (1 µl) were loaded in the first lane of the gel followed by the 
samples filled with 1x TAE buffer fully covered in gel box and then ran at 90 V for 1 
hour and visualized DNA under UV light. This visible quantification were done to 
ensure 50 ng/µl in total 25 µl DNA for each sample were supplied in 96-well plate 
formats to the commercial SNP genotyping service.   
6.2.2 Phenotypic data 
The traits studied for association mapping in each year are presented in Table 6.2.  
    Table 6.2: Traits studied (2013-2015) for association analysis 
   
Year 
 Trait Unit/Scale 2013 2014 2015 
Grain yield t/ha X X X 
Canopy Temperature °C X X 
 NDVI NDVI X X X 
Ground cover rate % X X X 
Heading date days X X X 
Maturity date days X X X 
Grain filling days days X X X 
Plant height cm X X X 
TKW g X X X 
Screenings % X X X 
GPC % X X X 
Grain moisture % X X X 
Grain test weight kg hL
-1
 X X X 
CCI CCI 
 
X X 
WUEGrain (kg/ha)/mm 
 
X X 
NDVI, Normalized difference vegetative index; TKW, thousand kernel weight; GPC, grain protein 
content;  CCI, chlorophyll concentration index and WUEGrain, grain water use efficiency.  
 
6.2.3 SNP genotyping and molecular data analysis 
DNA was sent for SNP genotyping to AgriBio, La Trobe University, Victoria, Australia 
(http://www.latrobe.edu.au/agribio) for genotyping with the Infinium iSelect SNP 90K 
SNP Assay (Wang et al., 2014), following the manufacturer’s protocol. SNP marker 
from 56 399 gene-associated SNPs were used and the 2 433 SNPs matched genotyped 
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data was filtered by call rate. SNPs and samples with call rate < 40% were first removed 
and LinkImpute (http://pngu.mgh.harvard.edu/
~
purcell/plink/) (Purcell et al., 2007; 
Anderson et al., 2009) was then applied to impute sporadic missing genotype values. 
Subsequently, loci with minor allele frequency (MAF) less than 0.01 were removed 
from the data set. These filtering steps yielded 2412 SNP markers. Principal component 
analysis (PCA) on the marker data were performed to the processed hexaploid data 
(Figure 6.1a). Then an additional 5 219 distributed annotation system (DAS) reference 
population lines were added to the genotype data and applied PCA to the combined data 
(Figure 6.1b). The number of common SNPs found in the combined data was 36 261. 
 
Fig. 6.1: Scatter plot of the first two principle components. (a) Wheat heat tolerance 
(DH lines tested for drought tolerance here also concurrence with heat tolerance trial in 
the field) data only (In total 2412 sample call rate ≥ 4 from 2433 genotypes sent 
[including genotypes from other heat tolerance project]); (b) Combined wheat heat 
tolerance and DAS reference population data. Note that in Figure 6.1(a) core genotype 
records (selected 200 lines in Appendix I, Table 1) that represent the genetic diversity of 
the population are the red symbols 
 
 The genome-wide complex trait analysis (GCTA) software available at 
http://cnsgenomics.com/software/gcta/ of Yang et al., (2011) was used to produce 
phenotype and SNP map files for genome-wide association study (GWAS) analyses. 
The model fitted to account population structure is stated below: 
y = mu + SNP + random(GRM) 
a b 
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Where y = population structure in the sample (n x 1 vector of phenotypes with n being 
the sample size); mu = overall mean; SNP = fixed SNP effect; GRM = genomic 
relationship matrix. 
6.2.4 Genome wide association studies 
Association tests were carried out for: BLUEs (best linear unbiased estimators) 
across all 5 environments data sets (E1-E5), (2) BLUEs across irrigated and rainfed 
across 2 years (2014 and 2015), and (3) BLUEs across years. The probability (P values) 
of the markers were converted into log scores (i.e. –log10P), and log scores above 3 
were used as a threshold to declare an association as significant. The negative and 
positive effect of the SNP (b column in Appendix III, Tables 1-2) is associated to the 
better or worse phenotypic performance for the significant marker contributions. The 
linkage disequilibrium (LD) were calculated by using Plink (Purcell et al., 2007, 
http://pngu.mgh.harvard.edu/
~
purcell/plink/) and the linkage map based on consensus 
map of many different populations and some of the markers are not unique in one 
position but all SNPs marker used in this study is only segregated within the population 
study only with redundant marker being removed. The physical positions were 
identified based on the Chinese Spring NRgene scaffold assembly (Wang et al., 2014). 
The markers or SNPs index (numbered in the Manhattan plot (Figures 6.2-6.17 and 
Table 6.3 in the results) consisted of three factors (i) has a physical position, (ii) are 
uniquely within a chromosome, and (iii) are segregating in the population. The SNPs 
order (Tables 6.4-6.6 and Appendix III, Tables 1-2) is just the order in the GWAS map 
and not necessarily have unique position. Therefore, selected SNPs order that has desire 
effects (b symbol) and contains –log P > 3 will be concatenated with the probe id 
(reference genome) provided by company subsequently linked to Chinese Spring 
NRgene scaffolds to get the SNPs index number (if exist, otherwise just repetitive 
regions in reference genome) which consisted 3 characters mentioned above. There are 
large quantities where possibility of other markers associated with factors mentioned 
above. Therefore, the markers chosen for detailed discussion in this chapter were when 
factors were: (i) contains –log P > 3, (ii) has required SNP effects (b symbol in 
Appendix III, Tables 1-2) for each trait and (iii) has multiple effects from a single gene 
(pleiotropic). The chromosomes 1 to 21 as shown in the Manhattan plots were organised 
as 1-7 (1A-7A), 8-14 (1B-7B), and 15-21 (1D-7D).  
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6.3 Results 
6.3.1 GWAS of water use efficiency 
In total, 538 marker trait associations (MTA) were detected at –log P >3 in 
irrigated and 283 in rainfed for the traits measured (Table 6.2, Appendix III, Table 1). 
The MTA (numbers; Appendix III, Table 1) detected for grain protein content (64), 
grain yield (54), heading days (117), plant height (122), thousand kernel weight (310), 
test weight (101) and grain water use efficiency (53). MTAs on chromosomes 7B (118) 
and 1B (73) were frequently detected for different traits across treatments (rainfed and 
irrigated across 2 years field trials as showed in Appendix III, Table I). The significant 
MTAs are sorted based on favourable gene effects for each trait, having unique physical 
position and segregated in their population are presented in Table 6.3 and marked with 
number in Manhattan plot for each trait (Figures 6.2-6.17). Interestingly 12 MTAs 
associated to high grain yield present were in rainfed environments but none existed in 
irrigated environment (Figures 6.2 and 6.3). The same behaviour appeared for MTAs 
correspond to high WUEGrain in Figures 6.4 and 6.5. That being the case, matched with 
diversity in phenotyping data observed in Chapter 4 (Figure 4.7), where high WUEGrain 
in rainfed compared to irrigated in progenies compared to respective bread parent 
(Sokoll and PBW 502).  
In the screenings trait (Figures 6.6-6.7), 3 segregated MTA were associated with 
low screenings percentage observed in rainfed (Figure 6.6; SNPs index: 7482, 12330 
and 3369) environment but none in irrigated (Figure 6.7) environment as well. 
Therefore, some lines were adapted with drought stress and obviously shown in these 
three traits (high yield, high WUEGrain and low screenings in rainfed environment). 
These results may correlate with phenotyping data observed in Chapter 3 (Figures 
3.11c, e, f, g, i) and (Figures 3.16 h, i), where progenies had no significant differences 
in grain yield and screenings between environment compared to their bread parent. This 
diversity came from Waxwing*2/Kiritati and T. dicoccon P194625/Ae. 
squarrosa(372)/2/3*Pastor derivatives for screenings and Waxwing*2/Kiritati, DBW 16, 
PBW 502, PBW 550 and Sokoll derivatives for grain yield. There were 7 MTA 
observed in rainfed (Figure 6.8) and 12 in irrigated environment (Figure 6.9) with 
markers with an asterisk (*) only were associated with low TKW and others were 
associated with higher TKW. The same frequency was observed in phenotyping data 
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between environments in Chapter 3 (Figures 3.12 and 3.15) where a higher  TKW was 
observed in irrigated than rainfed with some diversity in progenies observed in Figure 
3.12g (Sokoll derivatives) based on different response compared to their bread parent.  
Three MTA were observed in rainfed (Figure 6.10) and 7 in irrigated 
environment (Figure 6.11) where markers with an asterisk (*) were associated with 
longer heading days and others shorter heading days. Two markers (SNPs index: 7328 
and 7455) in rainfed environment did not appeared in irrigated environments and may 
explain the faster heading days among progenies compared to their bread wheat parents 
observed in Chapter 3 (Figure 3.13). There was one MTA in rainfed (Figure 6.12) and 
ten observed in irrigated (Figure 6.13) that were associated with a reduction in plant 
height trait. There were 3 MTAs for high grain protein content (Figures 6.14 and 6.15) 
observed in both environments. However, two markers (SNPs index: 6459 and 24742) 
which appeared only in irrigated environments contributed to longer heading days, low 
TKW, and low grain test weight in rainfed and irrigated environments (Figures 6.8-6.11 
and 6.16). Thus, these 3 MTAs (SNPs index: 6653, 22624 and 1157) are unique in that 
they are only high GPC in both environments and hence are suitable as markers for 
selection high grain protein (GPC) without other traits. In addition, the 2 segregated 
(SNPs index: 6653 and 1157 on chromosomes 3A and 7D respectively) MTA in rainfed 
environment and may correlate with some of the progenies with significantly higher 
GPC than the checks and their bread parent that were observed in E2 (rainfed; Chapter 
5, Figure 5.4). There are 5 MTA in rainfed (Figure 6.16) and 4 in irrigated (Figure 6.17) 
environments associated with higher test weight with exception of MTAs (*) marked.  
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Table 6.3: Description of MTAs that having unique position in specific chromosome at rainfed and irrigated conditions that also correlated with 
other studies findings in wheat at the same chromosome 
SNP index (-logP) chr trt Traits Position (cM) 
Cumulative 
bp 
SNP name Associated QTL citation 
10425_2D 3.65 2D RF WUEGrain 52.38666808 31,680,491 BS00069899_51 - 
  3.52 2D RF GY       Börner et al., 2002 
10505_6D 3.24 6D Irri TKW 120.7338692 38,265,131 BS00070856_51 Huang et al., 2004 
10533_7B 3.65 7B RF WUEGrain 112.9595581 43,634,581 BS00071191_51 Saranga et al., 2008 
  3.52 7B RF GY       
1157_7D 3.07 7D RF GPC 1.125195607 1,826,755 BobWhite_c18267_296 Groos et al., 2003 
11665_2A 3.77 2A Irri PH 58.48322758 24,566,913 BS00090569_51 - 
12330_6B 3.74 6B RF Screenings 46.72257234 28340528 BS00107795_51 Peng et al., 2003 
12587_7A 3.65 7A RF WUEGrain 110.4054815 34,683,803 BS00110681_51 Merchuk-Ovnat et al., 2016 
  
3.52 7A RF GY 
      
Merchuk-Ovnat et al., 2016; 
Dodig et al., 2012 
17354_2D 3.65 2D RF WUEGrain 83.3215 59,006,841 D_F1BEJMU02HSMHV_131 - 
  3.52 2D RF GY       Börner et al., 2002 
1883_7B 3.65 7B RF WUEGrain 102.876075 4,459,854 BobWhite_c2514_109 Saranga et al., 2008 
  3.52 7B RF GY       
21645_2D 3.65 2D RF WUEGrain 83.3215 63,929,800 Excalibur_c10461_394 - 
  3.52 2D RF GY       Börner et al., 2002 
21810_2B 4.99 2B Irri TKW 59.15606286 53,464,964 Excalibur_c11125_1525 Groos et al., 2003;  
Mason et al., 2010   3.1 2B RF TKW       
2243_1A 3.11 1A Irri PH 68.63788415 5,084,345 BobWhite_c28971_184 
Huang et al., 2004; Börner et 
al., 2002; Sukumaran et al., 
2014 
- 
  8.01 1A Irri GTW       
22544_2D 3.65 2D RF WUEGrain 47.71772788 200,494,413 Excalibur_c15048_488 - 
  3.52 2D RF GY       Börner et al., 2002 
22624_7B 4.13 7B Irri GPC 2.648985 189,709,525 Excalibur_c15405_808 
Kuspira and Unrau (1957); 
Blanco et al., 1996 
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  3.14 7B RF GPC       
 24169_7A 3.65 7A RF WUEGrain 110.4054815 139,145,117 Excalibur_c24486_947 Merchuk-Ovnat et al., 2016 
  3.52 7A RF GY       Dodig et al., 2012 
24742_1B 3.89 1B Irri GPC 44.53274905 244,712,086 Excalibur_c28681_1046 Levy and Feldman (1989) 
25134_2A 3.17 2A Irri HD 91.91865789 167,591,809 Excalibur_c31744_369 
Law et al., 1978; Scarth and 
Law (1984) 
2539_7A 3.65 7A RF WUEGrain 110.4054815 5,535,290 BobWhite_c32347_219 Merchuk-Ovnat et al., 2016 
  3.52 7A RF GY       Dodig et al., 2012 
3062_2B 3.48 2B Irri HD 103.6970533 6,374,728 BobWhite_c39489_116 Ain et al., 2015 
 
4.71 2B RF TKW 
   
Groos et al., 2003;  
 4.61 2B Irri TKW    Mason et al., 2010 
3369_7B 3.27 7B Irri HD 31.19128208 3,103,284 BobWhite_c44404_312 Snape et al., 1985 
  3.68 7B RF Screenings       Peng et al., 2003 
3436_3B 5.33 3B Irri GTW 39.87325602 5,326,274 BobWhite_c4514_298 - 
4188_6B 5.31 6B Irri HD 17.33331452 7,859,071 BobWhite_c6569_479 Snape et al., 2001 
4432_2D 3.42 2D RF GTW 84.52067969 7,598,669 BobWhite_c8155_562 Huang et al., 2006 
4546_2B 3.24 2B Irri TKW 59.14390891 10,874,049 BobWhite_c892_73 
Groos et al., 2003;  
Mason et al., 2010 
4760_6B 3.66 6B Irri HD 2.2775 7,562,573 BobWhite_rep_c49333_223 Snape et al., 2001 
52111_6A 3.22 6A Irri PH 36.84369351 49,777,635 Ra_c44944_1011 
Huang et al., 2004; Börner et 
al., 2002; Sukumaran et al., 
2014 
536_5B 3.24 5B Irri TKW 15.32628182 775,946 BobWhite_c137_203 
Groos et al., 2003; Ain et al., 
2015 
5858_5B 5.93 5B Irri TKW 101.3127 8,619,949 BS00003655_51 Groos et al., 2003; Ain et al., 
2015   5.35 5B RF TKW       
6201_5B 3.67 5B RF TKW 51.03038686 14,372,546 BS00010301_51 Groos et al., 2003; Ain et al., 
2015   3.74 5B Irri TKW       
6265_2D 3.57 2D RF TKW 84.52067969 9,006,940 BS00010664_51 Huang et al., 2003; Börner et 
al., 2002   3.37 2D Irri TKW       
6269_2D 3.65 2D RF WUEGrain 83.3215 9,389,759 BS00010685_51 - 
  3.52 2D RF GY       Börner et al., 2002; Dodig et 
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al., 2012 
6304_1B 3.77 1B Irri PH 44.53674853 10,293,794 BS00010875_51 - 
6459_5A 3.74 5A Irri GPC 94.66850736 16,120,181 BS00011722_51 
Kuspira and Unrau (1957); 
Moris et al.(1978); Snape et 
al.(1995); Blanco et al., 1996 
6653_3A 4.3 3A RF GPC 54.37783189 12,794,920 BS00018363_51 Cantrell and Joppa (1991) 
6817_5B 3.8 5B Irri PH 47.92302698 12,800,216 BS00021949_51 
Huang et al., 2004 
  3.02 5B RF PH       
7193_1B 3.77 1B Irri PH 44.5503195 8,864,874 BS00022648_51 
Huang et al., 2004 
7328_4A 3 4A RF HD 132.779 13,118,824 BS00022932_51 
7455_4A 3.26 4A RF HD 133.6791389 14,769,059 BS00023164_51 Huang et al., 2004 
7482_3A 3.84 3A RF Screenings 120.573529 15192602 BS00023222_51 - 
75_1A 6.77 1A Irri GTW 108.8987722 212,803 BobWhite_c10542_532 - 
7552_4A 3.28 4A Irri PH 92.28329167 17,186,176 BS00024766_51 
Huang et al., 2004; Ain et al., 
2015 
7674_2B 7.01 2B Irri GTW 14.63311905 21,820,465 BS00028092_51 
- 
  5.7 2B RF GTW       
7848_7B 3.77 7B Irri PH 51.18143813 39,737,653 BS00031612_51 - 
8676_7B 3.24 7B Irri TKW 55.68338679 22,141,048 BS00055861_51 Ain et al., 2015 
9149_1B 3.55 1B Irri PH 45.42576744 21,808,550 BS00063885_51 - 
943_2D 3.65 2D RF WUEGrain 52.38666808 4,206,232 BobWhite_c16655_421 - 
  
3.52 2D RF GY 
      
Börner et al., 2002; Dodig et 
al., 2012 
9876_3A 3.53 3A Irri PH 7.067849345 19,382,554 BS00066754_51 Huang et al., 2004 
12588_7A 3.52 7A RF GY 110.4054815 34,684,529 BS00110683_51 Merchuk-Ovnat et al., 2016; 
Dodig et al., 2012 
 
3.65 7A RF WUEGrain 
   Note: Chr, chromosomes; bp, base pairs; trt, treatment; manhattan scored (-logP); Irri, irrigation; RF, rainfed; GPC, grain protein content; GY, grain yield; HD, heading days; 
PH, plant height; TKW, thousand kernel weight; GTW, grain test weight; WUEGrain, grain water use efficiency.  
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Fig. 6.2: Manhattan plot of the genome-wide P values of association in grain yield at rainfed (E2 and E4) environments. The SNPs index number 
localize the marker that segregated in the population with -log P > 3 
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Fig. 6.3: Manhattan plot of the genome-wide P values of association in grain yield at irrigated (E3 and E5) environments 
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Fig. 6.4: Manhattan plot of the genome-wide P values of association in WUEGrain at rainfed (E2 and E4) environments. The SNPs index   
              number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.5: Manhattan plot of the genome-wide P values of association in WUEGrain at irrigated (E2 and E4) environments  
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Fig. 6.6: Manhattan plot of the genome-wide P values of association in screenings at rainfed (E4) environment. The SNPs index number  
              localize the marker that segregated in the population with -log P > 3 
 172 
 
 
Fig. 6.7: Manhattan plot of the genome-wide P values of association in screenings at irrigated (E5) environment 
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Fig. 6.8: Manhattan plot of the genome-wide P values of association in TKW at rainfed (E2 and E4) environments. The SNPs index number  
      localize the marker that segregated in the population with -log P > 3 
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Fig. 6.9: Manhattan plot of the genome-wide P values of association in TKW at irrigated (E3 and E5) environments. The SNPs index number   
   localize the marker that segregated in the population with -log P > 3 
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Fig. 6.10: Manhattan plot of the genome-wide P values of association in heading days at rainfed (E2 and E4) environments. The SNPs index  
        number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.11: Manhattan plot of the genome-wide P values of association in heading days at irrigated (E3 and E5) environments. The SNPs index  
        number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.12: Manhattan plot of the genome-wide P values of association in plant height at rainfed (E2 and E4) environments. The SNP index  
         number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.13: Manhattan plot of the genome-wide P values of association in plant height at irrigated (E3 and E5) environments. The SNPs index  
         number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.14: Manhattan plot of the genome-wide P values of association in grain protein content (GPC) at rainfed (E2 and E4) environments.  
        The SNPs index number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.15: Manhattan plot of the genome-wide P values of association in grain protein content (GPC) at irrigated (E3 and E5) environments.  
        The SNPs index number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.16: Manhattan plot of the genome-wide P values of association in grain test weight (GTW) at rainfed (E2 and E4) environments. The  
        SNPs index number localize the marker that segregated in the population with -log P > 3 
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Fig. 6.17: Manhattan plot of the genome-wide P values of association in grain test weight (GTW) at irrigated (E3 and E5) environments. The   
          SNPs index number localize the marker that segregated in the population with -log P > 3 
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6.3.2 Stability of markers in GWAS for year effect: 2013, 2014 and 2015 
Overall, 1425 MTAs were detected at –log P >3 across 3 years of field trials in 
2013-2015. Genome-wide association study (GWAS) using 36 261 SNPs identified 149 
loci that explained 3-9% of the variation in individual traits. The MTA associated with 
various traits present once or multiple times across the years as shown in Tables 6.4-
6.6. Some of the MTA are pleiotropic, where multiple traits were observed with a single 
marker (i.e. bold in red in Tables 6.4-6.6). Plus, some MTA associated to same traits 
(i.e. blue bold colour at the marker or the traits itself) more than one year in Tables 6.4-
6.6. All chromosomes exception in 4D had MTAs (numbers) at a pleiotropic region 
affecting multiple traits, which in 1A (11), 2A (13), 3A (21), 4A (16), 5A (12), 6A (5), 
7A (12), 1B (20), 2B (14), 3B (8), 4B (8), 5B (12), 6B (3), 7B (16), 1D (4), 2D (8), 3D 
(5), 5D (1), 6D (5) and 7D (1). There are 15 MTAs present more than one year in 
chromosomes 7A (1), 1B (1), 2B (4), 5B (5), 6B (1), 2D (2) and 4D (1). These MTA 
contain 10 markers associated with TKW and 5 (underlined the markers in blue colour 
in Table 6.5) of them definitely segregated in their populations, had positive effects 
(increased TKW), has unique position in its chromosome and the loci explained 27.92% 
of the variation for TKW, as well as being considered as stable MTA.  
This important result explained the phenotypic findings in ideal genotypes (high 
mean yield and stable across years) traits discussed in Chapter 3 (Figure 3.22) and 5 
(Figure 5.15). These ideal genotypes had no significant difference in grain yield but had 
significant difference in TKW compared to Suntop (Australian release cultivar and 
stable across years). These stable markers with high variation and segregated in the 
population were located on chromosomes 2B (3; SNPs order 14073, 9972 and 12068) 
and 5B (2; SNPs order 28655 and 29241). Four of these markers have pleiotropic 
regions affecting thousand kernel weight (TKW), heading days (HD), chlorophyll 
content index at milky (CCIM), grain test weight (GTW), and normalized difference 
vegetation index at heading and anthesis (NDVI). Three of them (MTAs with SNPs 
order 14073, 28655, and 29241) in Table 6.5 showed positive effects on TKW with 
positive effects of CCIM and NDVI at heading and anthesis with faster heading days. 
These correspond to phenotypic data where some progenies showed significantly high 
yield and TKW with faster heading days compared to their respective bread parents in 
Chapter 3 (Figures 3.1 and 3.3) from DBW 16, DBW 17 and PBW 550 derivatives 
lines.  
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High MTAs associated with grain test weight (GTW) located on chromosomes 
7A (195; Table 6.4) and only 49 (Column b, Appendix III, Table 2) markers giving 
negative effects. Plus, high MTAs (number) associated with faster heading (HD) on 1B 
(35) and reduced plant height (PH) (26). Therefore, shorter plants have faster heading in 
this study. Correlations with phenotypic results where a positive relationship with a 
significance level of P< 0.001 was observed between plant height and heading days as 
discussed in Chapter 3 (Tables 3.8, 3.10, 3.12, 3.14, and 3.16). High numbers of MTA 
were associated with high grain protein on chromosomes 5B (27), where 7 of them 
were located at a pleiotropic region. Six out of seven pleiotropic regions affecting high 
GPC with shorter heading days (HD) only present in 2013 and 2014 but one MTA gives 
a positive relationship in 2015 where high GPC with longer heading days (column b, 
Appendix III, Table 2). These results linked to phenotypic data where negative 
correlation between GPC and HD observed in 2013 and 2014 (Chapter 5, Tables 5.2, 
5.4 and 5.6) but positive correlation in 2015 (Chapter 5, Tables 5.8 and 5.10). The 
higher frequency of SNPs marker associated to certain trait observed in certain 
chromosomes (i.e. Table 6.4, chromosome 7A linked to GTW traits), the stable it is in 
that chromosome which may play difference role based on the gene effects (column b) 
and percentage of variation (%) of that locus for each trait as presented in Table 2, 
Appendix III. 
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Table 6.4: List of MTA (SNPs order) significantly associated (-log P > 3) with single, multiple traits or appeared more than once in   
                 chromosomes 1-7 (1A-7A) 
1A 2A 3A 4A 5A 6A 7A 
1715[CCIH,TKW] 7932[SCREE,TKW] 18254[GM,NDVIB] 23160[NDVIGF] 25737[TKW] 31734[TKW] 36439[GP,HD] 
1664[CCIH] 7722[HD] 17463[GM,SCREE] 23381[HD] 27073[CTB,GCR] 32505[GTW] 37929[GM] 
1665[CCIH] 8638[GY] 17584[TKW] 23270[GP,HD,SCREE,TKW,NDVIH] 26535[GP,HD] 31038[GP,HD,SCREE,TKW,NDVIH] 37941[GTW] 
1670[GP] 7798[SCREE] 17119[PH] 23311[HD] 27075[TKW] 31039[TKW] 36453[PH] 
100[GM] 8745[HD,SCREE] 18542[GP,NDVIH] 23094[CCIH] 26536[GP,HD] 31041[TKW] 37942[GTW] 
157[NDVIB] 9001[PH] 18468[GP,GWUE,PH,SCREE,YIELD] 22629[GP,SCREE] 27129[CCIM] 31044[TKW] 37943[GTW] 
1195[TKW] 8999[PH] 17292[CTF] 23314[GY] 26067[TKW] 31122[GM] 36643[GTW] 
1202[TKW] 8004[GP,GY] 17610[GP] 23267[SCREE] 26940[GM] 31784[TKW] 36279[GM] 
1190[TKW] 9095[PH] 18511[GP,HD] 23066[SCREE] 26134[GP] 31019[TKW] 36593[GTW] 
55[GM] 7859[GP,NDVIH] 18242[PH] 23440[GY] 27110[TKW] 32442[NDVIGF] 36594[GTW] 
1742[CCIH] 9098[GP,HD] 17329[PH] 23221[CCIA] 27111[SCREE] 32443[NDVIGF] 36595[GTW] 
134[TKW] 9233[GCR] 17218[HD] 23485[GM] 27112[SCREE] 32444[NDVIGF] 36596[GTW] 
1545[NDVIGF,CCIM,GTW,PH] 9236[GCR] 17226[SCREE] 23492[GWUE,GY] 26475[GWUE] 32451[NDVIGF] 36598[GTW] 
135[GP,TKW] 9119[GP] 17612[GP] 22625[SCREE,GTW] 26476[GWUE] 32452[NDVIGF] 36592[GTW] 
179[CCIH,TKW] 9120[GP] 18282[HD] 23560[GTW,TKW] 26934[CCIM] 32453[NDVIGF] 36843[GTW] 
223[CCIH,TKW] 7803[GWUE,GY] 18281[GP,HD] 22627[SCREE] 26082[TKW] 32458[NDVIGF] 36600[GTW] 
229[CCIH] 9139[GP] 17327[GM] 22628[SCREE] 25700[CCIA,HD] 31030[TKW] 36601[GTW] 
1310[SCREE,TKW] 9142[HD] 17681[TKW] 22641[GP,SCREE] 25945[HD] 31567[SCREE,TKW] 36689[GTW] 
1313[GTW,PH] 7788[GM] 18140[PH] 22615[SCREE] 25925[NDVIB] 32460[NDVIGF] 37461[CTF] 
184[PH] 7789[HD] 18142[PH] 22616[GP,SCREE] 26083[TKW] 32466[NDVIGF] 37935[PH,TKW(2),SCREE] 
1529[NDVIB] 9195[CCIA,GP] 18596[GP,GTW] 22642[GP,SCREE] 26069[TKW] 32468[NDVIGF] 37859[GP,GTW] 
1316[SCREE] 7869[PH] 18530[GP,HD] 22630[GP,SCREE] 27097[TKW] 32469[NDVIGF] 37872[GTW] 
86[SCREE] 9204[GCR] 17809[TKW] 22514[GP,TKW] 27098[PH] 31788[TKW] 36602[GTW] 
1756[NDVIH] 8738[PH] 18407[GTW] 23201[CCIM] 27101[TKW] 32373[NDVIGF] 36603[GTW] 
1757[HD] 8739[PH] 18283[GP,HD] 22621[GP,SCREE] 26623[GP,HD] 31068[GM] 36604[GTW] 
1758[GM] 7748[NDVIB] 18284[GP,HD] 22622[GP,SCREE] 26073[TKW] 32045[GP,NDVIH] 36605[GTW] 
906[TKW] 8871[CCIH] 18285[GP,HD] 22623[GP,SCREE] 25744[TKW] 32153[GWUE] 36606[GTW] 
328[NDVIB] 8019[TKW,GY] 18286[GP,HD] 22753[NDVIGF] 26624[GP,HD] 32154[GWUE] 36607[GTW] 
1691[CCIH] 7826[GWUE,GY] 18287[GP,HD] 22591[GP,SCREE] 26084[TKW] 32156[GWUE] 36608[GTW] 
1227[TKW] 7827[GP] 18060[GP] 22593[GP,SCREE] 26075[TKW] 31188[TKW] 36609[GTW] 
900[TKW] 8759[PH] 18288[GP,HD] 22594[SCREE] 26939[GM] 32051[TKW] 36610[GTW] 
468[GP] 8875[GWUE,GY,TKW] 18289[GP,HD] 22596[SCREE] 26085[TKW] 31790[TKW] 36611[GTW] 
297GWUE] 8764[NDVIGF] 18290[GP,HD] 22597[SCREE] 26523[GM] 32169[GTW] 36612[GTW] 
1129[NDVIH] 8765[NDVIGF] 18291[TKW] 22598[SCREE] 26872[GP,HD,TKW] 31748[TKW] 36613[GTW] 
1132[PH] 8766[NDVIGF] 18292[GP,HD] 22599[SCREE] 26497[GWUE,GY] 31774[TKW] 36614[GTW] 
1133[PH] 9260[GP,NDVIH] 18293[GP,HD] 22600[SCREE] 26498[GWUE,GY] 31620[SCREE] 36616[GTW] 
1603[TKW] 8798[TKW] 17818[TKW] 22601[SCREE] 25794[TKW] 32010[CCIA,HD] 36411[HD] 
518[CCIH] 8743[GP] 18294[GP,HD] 22604[SCREE] 25796[TKW] 31579[GP] 36821[GTW] 
766[HD,SCREE] 8939[GP] 18295[GP,HD] 22939[GCR,CCIH,GP] 27033[GP,HD] 31544[CCIA,TKW,CCIM,HD,SCREE,TKW] 37620[TKW] 
674[GP,HD] 9051[NDVIH,GP,TKW] 18297[GP,HD] 22771[GP] 26771[GP] 
 
36293[TKW] 
847[TKW] 9070[TKW] 18298[GP,HD] 
 
25803[NDVIB,NDVIF,NDVIH] 
 
36077[TKW,CCIH] 
610[HD] 9089[TKW,GP,GTW,HD,SCREE,TKW,NDVIH] 17635[PH] 
 
26876[GP,HD,TKW] 
 
36080[TKW,CCIH] 
1171[TKW] 8551[PH] 17545[PH] 
 
26050[TKW] 
 
36082[TKW,CCIH] 
1048[TKW] 
 
17973[TKW] 
 
27036[GP,GTW,HD,SCREE,TKW,NDVIH] 
 
36087[TKW,CCIH] 
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1049[TKW] 
 
17974[TKW] 
 
25961[TKW] 
 
36617[GTW] 
1050[TKW] 
 
17739[PH] 
 
25773[GTW] 
 
36618[GTW] 
1051[TKW] 
   
26132[SCREE] 
 
36822[GTW] 
1052[TKW] 
   
25817[NDVIB] 
 
37810[SCREE] 
1053[TKW] 
   
25825[GP] 
 
36690[GTW] 
588[GM] 
   
26281[GTW] 
 
36698[GTW] 
437[SCREE,TKW] 
   
25828[TKW] 
 
37518[NDVIH] 
439[NDVIH] 
   
26007[GM] 
 
36818[GTW] 
1058[CCIH,TKW] 
     
36862[GTW] 
358[TKW] 
     
36864[GTW] 
1089[CCIH,TKW] 
     
36701[GTW] 
      
36702[GTW] 
      
36703[GTW] 
      
36704[GTW] 
      
36764[GTW] 
      
36706[GTW] 
      
36707[GTW] 
      
36708[GTW] 
      
36808[GTW] 
      
36851[GTW] 
      
36852[GTW] 
      
37153[GTW] 
      
36684[GTW] 
      
36955[GTW] 
      
36645[GTW] 
      
37889[SCREE] 
      
36828[GTW] 
      
36819[GTW] 
      
36800[GTW] 
      
36809[GTW] 
      
36810[GTW] 
      
36765[GTW] 
      
36766[GTW] 
      
36685[GTW] 
      
36687[GTW] 
      
36466[GWUE,GY,TKW] 
      
36648[GTW] 
      
36443[PH] 
      
36710[GTW] 
      
36711[GTW] 
      
36712[GTW] 
      
36713[GTW] 
      
36590[SCREE] 
      
36653[GTW] 
      
37804[PH] 
      
36591[SCREE] 
      
36959[GTW] 
      
36960[GTW] 
      
36961[GTW] 
      
36209[SCREE] 
      
36865[GTW] 
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36767[GTW] 
      
36768[GTW] 
      
36769[GTW] 
      
36715[GTW] 
      
36716[GTW] 
      
36717[GTW] 
      
36829[GTW] 
      
36937[GTW] 
      
36938[GTW] 
      
36941[GTW] 
      
36943[GTW] 
      
36942[GTW] 
      
36946[GTW] 
      
36947[GTW] 
      
36222[NDVIH] 
      
36801[GTW] 
      
37011[GP,NDVIH] 
      
36798[GTW] 
      
36799[GTW] 
      
36845[GTW] 
      
36867[GTW] 
      
37610[CCIM,CCIH] 
      
36948[GTW] 
      
36811[GTW] 
      
36812[GTW] 
      
36911[GTW] 
      
36814[GTW] 
      
36815[GTW] 
      
36820[GTW] 
      
36718[GTW] 
      
36719[GTW] 
      
36720[GTW] 
      
36662[GTW] 
      
36663[GTW] 
      
36802[GTW] 
      
36964[GTW] 
      
36950[GTW] 
      
37006[GTW] 
      
36816[GTW] 
      
36817[GTW] 
      
36665[GP] 
      
36666[GP] 
      
36667[GP] 
      
36834[GTW] 
      
37547[GP] 
      
37548[GP] 
      
36691[GTW] 
      
36669[GP] 
      
36693[GTW] 
      
36694[GTW] 
      
36696[GTW] 
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36824[GTW] 
      
37549[NDVIH,GP,GWUE 
      
,HD,SCREE,TKW,GY] 
      
36686[GTW] 
      
36670[GP] 
      
36671[GP] 
      
36825[GTW] 
      
36848[GTW] 
      
36893[GTW] 
      
36965[GTW] 
      
36966[GTW] 
      
36846[GTW] 
      
36826[GTW] 
      
36849[GTW] 
      
36951[GTW] 
      
36952[GTW] 
      
36803[GTW] 
      
36674[GP] 
      
36850[GTW] 
      
36840[GTW] 
      
36835[GTW] 
      
36836[GTW] 
      
37449[GM] 
      
36770[GTW] 
      
36847[GTW] 
      
36841[GTW] 
      
36804[GTW] 
      
36837[GTW] 
      
36855[GTW] 
      
36675[GTW] 
      
36721[GTW] 
      
36638[GTW] 
      
36639[GTW] 
      
36640[GTW] 
      
36838[GTW] 
      
36805[GTW] 
      
36806[GTW] 
      
36676[GTW] 
      
36832[GTW] 
      
36842[GTW] 
      
36969[GTW] 
      
36856[GTW] 
      
36857[GTW] 
      
36971[GTW] 
      
36641[GTW] 
      
36678[GP,HD] 
      
36680[GTW] 
      
36771[GTW] 
      
36833[GTW] 
      
36773[GTW] 
      
36839[GTW] 
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36722[GTW] 
      
36972[GTW] 
      
36775[GTW] 
      
36776[GTW] 
      
36780[GTW] 
      
36724[GTW] 
      
36934[GTW] 
      
36726[GTW] 
      
37475[TKW] 
      
36782[GTW] 
      
36785[GTW] 
      
37482[TKW] 
      
36788[GTW] 
      
36727[GTW] 
      
36728[GTW] 
      
36731[GTW] 
      
36732[GTW] 
      
36733[GTW] 
      
36793[GTW] 
      
36794[GTW] 
      
36734[GTW] 
      
36735[GTW] 
      
37484[TKW] 
      
36795[GTW] 
      
36796[GTW] 
      
36983[GTW] 
      
36984[GTW] 
      
36985[GTW] 
      
36986[GTW] 
      
37489[TKW] 
      
36743[GTW] 
      
36744[GTW] 
      
36745[GTW] 
      
36746[GTW] 
      
36747[GTW] 
      
37304[GTW] 
      
36990[GTW] 
      
36991[GTW] 
      
36753[GTW] 
      
37033[GTW] 
      
37213[GP] 
Note: GY, grain yield; GP, grain protein; GTW, grain test weight; GM, grain moisture; TKW, thousand kernel weight; CCI[H,A,M], Chlorophyl content index at 
[heading, anthesis, milky]; PH, plant height; HD, heading days; GCR, ground cover rate; SCREE, screening; GWUE, grain water use efficiency; CT[F,B] Canopy 
temperature at [flowering, booting]; NDVI[B,H,GF], normalized difference vegetation index at [booting, heading, grain filling]. In parenthesis is the number of 
times a particular trait appeared over the years. The SNPs order with gene effects, P value, locus % variation that explained variation on specific trait and manhattan 
plot of the GWAS are presented in Appendix III, Table 2 and Figures 1-40.   
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Table 6.5: List of MTA (SNPs order) significantly associated (-log P > 3) with single, multiple traits or appeared more than once in    
                 chromosomes 8-14 (1B-7B) 
1B 2B 3B 4B 5B 6B 7B 
3378[TKW(2)] 14239[HD] 20864[SCREE] 25145[GP] 27597[GP,NDVIH] 33170[TKW] 38692[GCR] 
3816[TKW] 14240[HD] 20738[CCIH,TKW] 24540[HD] 29074[TKW] 33106[TKW,GTW] 40079[NDVIA,NDVIH] 
4944[HD] 14242[HD] 19205[NDVIGF,CCIM,GTW] 24541[HD] 29300[TKW] 33101[GCR] 38696[GP,HD,SCREE,TKW,GY] 
4945[HD] 14244[HD] 19978[TKW] 24542[HD] 29673[TKW] 33590[GWUE] 38646[GP,GWUE,HD,SCREE,TKW,GY] 
4946[HD] 10360[PH] 19203[SCREE] 25136[GM] 29547[GM] 34662[CCIH] 38648[GP,GWUE,HD, 
3018[PH] 13738[GCR] 20810[NDVIH,HD] 25012[NDVIA,NDVIH] 27944[GP] 33121[HD] SCREE,TKW,GY,NDVIH] 
5054[NDVIH,GP,HD] 10251[HD] 19095[HD] 25093[TKW] 28311[NDVIGF] 33148[TKW,NDVIH,GP] 38650[GP,HD,SCREE,TKW] 
5056[GP] 14230[HD] 19098[GP] 25120[TKW] 28312[NDVIGF] 33285[CCIA] 40247[SCREE] 
4947[HD] 14231[HD] 19309[TKW] 25019[NDVIA,NDVIH] 28315[NDVIGF] 33152[GM] 40252[GP] 
2885[PH] 9988[GM] 19264[GTW] 24197[GP,NDVIH] 29071[GM] 33220[TKW] 39685[NDVIB] 
5095[TKW] 14122[GCR] 20622[TKW] 24219[TKW] 29675[NDVIGF] 33133[PH] 40109[SCREE] 
2574[NDVIB] 13859[GP,NDVIH] 20623[TKW] 25104[NDVIGF] 29375[GP,HD] 34635[GTW] 40110[PH] 
4938[HD] 14200[HD] 20732[GY] 24853[CCIH,TKW] 29124[TKW] 33229[GM] 38682[NDVIH,GP,HD,SCREE,TKW,GY] 
2812[PH] 14201[HD] 19190[CCIM,GTW] 24854[TKW] 29174[TKW(2)] 34675[NDVIB] 39845[TKW] 
2814[PH] 14210[HD] 20777[CCIH] 24883[TKW] 27666[SCREE] 34713[NDVIB] 38892[TKW] 
2816[PH] 14212[PH] 20706[GM,NDVIGF] 25045[NDVIA,NDVIH] 27622[SCREE] 34590[GP] 40232[GTW] 
3865[GM] 14214[PH] 20831[CCIH] 25047[NDVIA,NDVIH] 29593[CCIH] 34591[GP] 39975[SCREE] 
4123[NDVIGF] 14217[HD] 19336[GTW,CCIM,GTW,HD] 24619[CCIH,TKW] 28513[PH] 33896[CCIA] 39848[TKW] 
4124[NDVIGF] 14221[HD] 20664[TKW] 24826[TKW] 29104[GCR] 34127[PH] 38684[GP,HD,SCREE] 
4997[GWUE,GY] 10142[GM] 20420[GP] 24342[TKW] 28269[GP] 33375[TKW,GP,SCREE] 38685[NDVIH,GP,GWUE 
2629[GP] 14042[GP,SCREE] 20765[CTGF] 25051[GM] 29219[CCIH] 33239[GCR] ,HD,SCREE,TKW,GY] 
5072[SCREE] 14184[PH] 20796[GP] 24412[PH] 27563[TKW] 34091[GP] 38686[GP,HD,SCREE] 
2821[PH] 13924[GM] 19802[TKW,CCIH] 24874[TKW] 29188[NDVIB] 34626[NDVIB] 38687[GP,HD,SCREE,TKW] 
2823[PH] 13287[GP,NDVIGF] 19706[TKW] 24924[TKW] 28984[TKW] 33241[SCREE] 39917[TKW] 
4941[HD] 14068[GP,HD] 19848[TKW] 24926[TKW] 29531[GP,HD] 33930[TKW] 38688[NDVIH,GP,GTW, 
3872[NDVIB] 14074[GP,HD] 19525[PH] 24899[CCIH] 29018[TKW] 33400[SCREE] GWUE,HD,SCREE,TKW,GY] 
2545[CCIA,TKW,CCIM] 14072[GP,HD] 20135[TKW] 24902[TKW,GY] 29606[CCIH] 34446[HD] 38689[NDVIH,GP,GTW 
5075[SCREE] 14076[GP,HD] 20245[TKW] 24364[CTGF] 29348[HD] 34424[TKW] ,GWUE,HD,SCREE,TKW,GY] 
5084[GP] 14073[HD, TKW(2)] 20140[TKW] 24858[TKW] 28316[GCR] 33901[TKW(2)] 38677[NDVIH,GP,HD,SCREE,TKW] 
2653[CCIH] 14030[PH] 19812[TKW,CCIH] 24910[CCIH] 28317[GCR] 33346[PH] 38893[CCIM,GTW] 
2366[CCIA,CCIM,TKW] 9972[NDVIF,NDVIA,TKW(2)] 19858[TKW] 24868[TKW] 28320[GCR] 34428[TKW] 38699[GM] 
2531[GWUE,GY] 10080[PH] 20219[TKW] 24869[TKW] 29281[CCIH] 34324[HD] 39659[TKW] 
5027[CCIA,TKW] 14223[HD] 20220[TKW] 24872[TKW] 29267[CCIH] 33699[TKW] 39663[TKW] 
3995[GWUE,GY,TKW] 14226[HD] 20179[TKW] 24633[CCIH] 28221[GP] 34325[HD] 39998[TKW] 
2576[GM] 14204[HD] 
 
24634[CCIH] 29046[PH] 33991[GTW] 40000[TKW] 
5113[TKW] 13095[SCREE] 
  
28986[TKW] 33654[CTB] 40001[TKW] 
3076[PH] 13938[HD] 
  
28891[GP] 34000[TKW] 39358[GM] 
5086[GTW] 13994[TKW] 
  
28328[NDVIH,GP,HD,SCREE] 34006[TKW] 38939[TKW] 
2826[PH] 14125[HD] 
  
29324[TKW] 
 
38940[TKW] 
3985[TKW] 14133[HD] 
  
29399[HD,SCREE] 
 
38733[PH] 
4870[GTW] 14188[PH] 
  
28059[HD] 
 
38739[GP,HD,TKW] 
4053[HD] 13161[SCREE] 
  
28234[GP] 
 
38744[HD] 
4054[HD] 13162[SCREE] 
  
29326[TKW] 
 
38998[CTA] 
3399[PH] 13167[SCREE] 
  
28027[GP] 
 
38710[TKW] 
3400[PH] 10098[CCIM,GTW] 
  
28027[NDVIH] 
 
38702[NDVIH,GP,HD,SCREE,TKW] 
3818[SCREE] 12068[TKW(3)] 
  
27714[GP] 
 
38754[HD] 
3469[PH] 9999[GTW(2)] 
  
27718[GP] 
 
39035[PH] 
3253[HD,SCREE] 12587[NDVIGF] 
  
27719[GP] 
 
38760[GP] 
4000[GWUE,GY,TKW] 11230[TKW] 
  
27720[GP] 
 
38712[TKW] 
2538[HD] 11495[GCR] 
  
27722[GP] 
 
38800[HD] 
5016[GWUE,GY] 13690[GP] 
  
27724[GP] 
  2658[CCIH] 12589[NDVIGF] 
  
28487[PH] 
  4303[GTW] 13272[GP,TKW] 
  
29296[TKW,CCIH] 
  2791[GP] 13870[GP] 
  
28990[TKW] 
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2998[PH] 13099[SCREE] 
  
28992[TKW] 
  2513[TKW] 13100[SCREE] 
  
28235[GP] 
  4928[PH] 13107[SCREE] 
  
28995[TKW] 
  3002[PH] 13875[GP] 
  
27791[CCIM,PH(2),GP,GTW(2)] 
  4057[HD] 13174[SCREE] 
  
28997[TKW] 
  4058[HD] 13367[CCIH] 
  
27727[GP] 
  4192[GP] 13109[SCREE] 
  
27728[GP] 
  4195[GP,HD] 13111[SCREE] 
  
27729[GP] 
  5021[TKW] 13209[HD] 
  
28655[TKW(2),CCIM] 
  4059[HD] 10492[PH,NDVIB] 
  
28238[GP] 
  4060[HD] 10919[GM] 
  
29000[TKW] 
  4061[HD] 11189[TKW] 
  
27691[CCIH] 
  4062[HD] 14168[HD] 
  
27796[GP,HD] 
  4964[HD] 11190[TKW] 
  
29002[TKW] 
  3197[TKW] 13648[HD] 
  
27779[GP] 
  4199[GP,HD] 14006[GP,TKW,GY] 
  
27810[CCIH] 
  4200[HD] 13120[SCREE] 
  
27811[GP,HD] 
  4087[HD] 13121[SCREE] 
  
27812[GP,HD] 
  2409[GP] 13124[SCREE] 
  
29240[TKW(3),GTW,NDVIA,NDVIH] 
  4811[NDVIH] 13126[SCREE] 
  
29241[TKW(3),GTW,NDVIA,NDVIH] 
  4816[NDVIH] 14017[TKW] 
  
27814[TKW] 
  2427[GTW] 11402[GP] 
  
29318[TKW] 
  2905[PH] 14019[GTW] 
  
28247[GP] 
  3549[TKW] 13812[NDVIH] 
  
29320[TKW] 
  3292[NDVIH,GP,HD,SCREE] 12457[SCREE] 
     4829[HD] 12543[TKW] 
     4091[HD] 12810[SCREE] 
     4092[GP,HD] 12811[SCREE] 
     4094[HD] 13814[HD] 
     4095[HD] 11199[TKW] 
     4063[HD] 12548[TKW] 
     3484[NDVIH,GP,HD,SCREE,TKW,GY] 13819[GP] 
     4402[CCIH] 12464[TKW] 
     3486[PH] 13820[GP] 
     2874[PH] 13824[GP] 
     3230[GP] 12661[CCIA] 
     3306[NDVIH,GP,HD,SCREE,TKW] 12555[TKW] 
     4234[SCREE] 10639[TKW,GP] 
     4065[HD] 13834[GCR] 
     4066[HD] 10645[CCIM] 
     2924[PH] 10717[NDVIH] 
     2882[PH] 11357[TKW] 
     4236[SCREE] 
      4253[GM] 
      2930[PH] 
      4099[GP,HD] 
      3680[SCREE] 
      3462[PH] 
      3465[PH] 
      3466[PH] 
      3416[TKW,GY] 
      2939[PH] 
      4166[GWUE,GY] 
      4298[NDVIB] 
      4101[GP,HD] 
      2961[PH] 
      
Note: GY, grain yield; GP, grain protein; GTW, grain test weight; GM, grain moisture; TKW, thousand kernel weight; CCI[H,A,M], Chlorophyl content index at 
[heading, anthesis, milky]; PH, plant height; HD, heading days; GCR, ground cover rate; SCREE, screening; GWUE, grain water use efficiency; CT[F,B] Canopy 
temperature at [flowering, booting]; NDVI[B,H,GF], normalized difference vegetation index at [booting, heading, grain filling]. In parenthesis is the number of 
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times a particular trait appeared over the years. The SNPs order with gene effects, P value, locus % variation that explained variation on specific trait and manhattan 
plot of the GWAS are presented in Appendix III, Table 2 and Figures 1-40.   
 
 
Table 6.6: List of MTA (SNPs order) significantly associated (-log P > 3) with single, multiple traits or appeared more than once in  
                 chromosomes 15-21 (1D-7D) 
1D 2D 3D 4D 5D 6D 7D 
6697[GP,NDVIH] 16623[TKW] 21722[NDVIH] 25467[GTW] 30774[HD] 35520[GP] 41106[TKW] 
6758[TKW] 16421[GP,NDVIH] 22027[NDVIGF] 25572[TKW(2)] 30685[GP,HD] 35645[HD,SCREE] 41329[GP] 
6709[PH] 16624[GP,HD] 21884[TKW] 25471[NDVIB] 30683[NDVIB] 35874[TKW] 41396[GTW] 
6710[PH] 15690[GP,TKW] 21917[NDVIGF,TKW] 25501[NDVIB] 30853[CCIH] 35876[TKW] 40952[SCREE] 
7278[GP] 16439[PH] 22033[TKW] 
 
30854[CCIH] 35877[TKW] 41061[GP] 
7290[GP] 16440[PH] 22036[NDVIB,NDVIGF] 
 
30713[GP] 35556[TKW] 41061[NDVIH] 
7188[GWUE,GY,TKW] 16229[NDVIGF] 22025[GTW] 
 
30712[GM] 35701[GM] 41330[TKW] 
6812[TKW] 16063[NDVIH] 21811[CCIA] 
 
30856[CCIH] 35618[SCREE,TKW] 41332[TKW] 
6999[PH] 16443[SCREE] 21733[GM] 
 
30857[CCIH] 35625[GP,HD] 41459[SCREE] 
6849[PH] 16444[PH] 21738[TKW] 
 
30862[CCIH] 35626[GP,HD] 41103[NDVIB] 
7308[GP] 16242[GM] 21741[TKW] 
 
30626[GTW] 35654[GP] 41365[TKW] 
7201[GP,HD] 16616[PH] 22051[HD] 
  
35587[GM,SCREE] 41137[PH] 
6851[PH] 16448[PH] 21751[TKW] 
  
35689[CCIH] 41131[GTW] 
6853[PH] 16451[PH] 22008[PH] 
  
35690[CCIH] 41168[TKW] 
6854[PH] 16452[PH] 21983[PH] 
  
35621[TKW] 41123[TKW] 
6855[PH] 16436[PH] 22091[GP] 
  
35614[CCIH] 41157[CCIA,GP] 
6857[PH] 16437[TKW(2)] 21943[GTW] 
   
41144[PH] 
6858[PH] 15682[HD] 21893[HD,NDVIGF] 
   
41084[TKW] 
6859[PH] 16471[PH] 21887[NDVIGF,TKW] 
   
41170[TKW] 
6742[TKW] 16472[GP] 21915[TKW] 
    7333[GP] 16473[TKW(2),CCIM] 21856[CCIH] 
    7100[GP,NDVIH] 16577[PH] 22122[CCIA] 
    6977[GP] 16578[PH] 21895[TKW] 
    
 
15679[GP,HD] 21966[PH] 
    
 
15680[GP,HD] 21913[GP,HD] 
    
 
15683[GP,HD] 21956[TKW] 
    
 
16593[GP,HD,SCREE,TKW] 21910[TKW] 
    
 
16595[TKW] 21970[PH] 
    
 
16479[PH] 
     
 
15688[GP] 
     
 
16489[GCR] 
     
 
15861[NDVIH] 
     
 
15762[CTB] 
     
 
15947[GY] 
     
 
15948[TKW] 
     
 
16047[SCREE] 
     
Note: GY, grain yield; GP, grain protein; GTW, grain test weight; GM, grain moisture; TKW, thousand kernel weight; CCI[H,A,M], Chlorophyl content index at 
[heading, anthesis, milky]; PH, plant height; HD, heading days; GCR, ground cover rate; SCREE, screening; GWUE, grain water use efficiency; CT[F,B] Canopy 
temperature at [flowering, booting]; NDVI[B,H,GF], normalized difference vegetation index at [booting, heading, grain filling]. In parenthesis is the number of 
times a particular trait appeared over the years. The SNPs order with gene effects, P value, locus % variation that explained variation on specific trait and manhattan 
plot of the GWAS are presented in Appendix III, Table 2 and Figures 1-40.   
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6.4 Discussion 
Thousand kernel weight playing a major influence in diversity for stable yield 
across the environment and years as observed in MTAs that has a unique position on 
chromosomes 2B and 5B (markers underlined with blue colour in Table 6.5). Earlier 
studies have reported MTA and QTL for TKW in the same chromosomes under rainfed 
and heat stress conditions (Groos et al., 2003; Mason et al., 2010 and Ain et al., 2015). 
The MTAs observed in these locations segregated in the population with high 
probability came from the diversity of emmer (AB genomes) as the phenotypic data 
shows some of the progenies showed contrasting performance compared to their bread 
wheat parent in different treatment (Chapter 3, Figures 3.12 and 3.15). Plus, the ideal 
genotypes showed the same response, where DH lines improved the yield based on high 
TKW and this trait remains stable across the years without reducing grain protein 
(Chapter 3, Figure 3.22 and Chapter 5, Figure 5.15). Furthermore, the MTA that has a 
unique position (SNPs order: 14073 (2B), 28655 (5B) and 29241 (5B) which gives 
positive effects in TKW as presented in column b, Appendix III, Table 2) in this 
location is stable based on its replication (Appendix III, Table 2) in more than one year 
on the same chromosome (Table 6.5).  
Diversity from synthetic wheat (Sokoll derivatives, DD genome) and cultivated 
emmer (PBW 502 derivatives, AB genome) had a significant impact on high grain yield 
and WUEGrain in rainfed treatment (Chapter 4, Figure 4.7; Table 6.3, Figures 6.2 and 
6.4) and these MTAs may lead to a drought adaptive strategy. The same chromosome 
locations in 7A (SNPs index: 24169, 2539, 12587 and 12588) and 7B (SNPs index: 
10533 and 1883) that have a unique position observed only in rainfed in Figures 6.2 and 
6.4, also reported in emmer wheat by Saranga et al., (2008) and Merchuk-Ovnat et al., 
(2016). Six MTAs on 2D chromosome in 3 locations (47.71 cM, 52.38 cM and 83.32 
cM) were associated with WUEGrain and yield were found only in rainfed conditions. 
This might be similar to Liu et al. (2013) who found a QTL for root length on 
chromosome 2D under different water regimes. Screening small seed percentage is one 
strategy to determine sensitivity of wheat to drought conditions, and higher percentage 
of screenings will reduce the seed germination percentage for the next season (Shahi et 
al., 2015). MTA that have unique positions associated to lower screenings in rainfed 
only were observed on chromosomes 3A (SNPs index: 7482) , 6B (SNPs index: 12330) 
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and 7B (SNPs index: 3369) in Figure 6.6 and this diversity may come from T. dicoccon 
(emmer)-based “synthetic” wheat from T. dicoccon P194625/Ae. 
squarrosa(372)/2/3*Pastor (bread parent) and cultivated emmer, based on the 
phenotypic diversity showed by Waxwing*2/Kiritati and T. dicoccon P194625/Ae. 
squarrosa(372)/2/3*Pastor derivatives lines (Figures 3.16 h and i). A QTL mapped in 
6B and 7B for seed size in wild emmer wheat in a previous study (Peng et al., 2003).     
Three segregating markers (Table 6.3, SNPs index: 6653, 22624 and 1157) in 
3A, 7B and 7D associated with high grain protein and not linked to other unfavourable 
gene effects that also linked with phenotypic findings (Chapter 5, Figures 5.4 and 5.15) 
will be the good indicator of diversity contributed either from synthetic wheat lines (DD 
genome), T. dicoccon (emmer)-based “synthetic” wheat and cultivated emmer wheat. 
Groos et al., 2003 found QTL mapped in 7D for grain protein that does not affected 
yield but being affected by GE interaction which corresponds to the MTA (Table 6.3, 
SNPs index: 1157) found here that was only present in rainfed conditions. MTA for 
high GPC on chromosomes 3A and 7B were also reported in previous studies of emmer 
wheat (Cantrell and Joppa, 1991; Blanco et al., 1996).  
6.5 Summary 
An identification of physiological and agronomic trait associated with adaptability to 
drought stress is complex process and association mapping through GWAS is a 
powerful tool to identify molecular markers. Through GWAS we identified MTA for 
plant adaptability in drought and other yield components that contributed to stability in 
yield and grain protein content across environment.  
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CHAPTER 7 
General Discussion 
Improving the existing wheat gene pool through interspecific hybridization for 
drought tolerance and end use quality had been implemented in wheat breeding and has 
shown positive results (Lage et al., 2006; Aykut Tonk et al., 2010; Chatzav et al., 2010; 
DePauw et al., 2011). Cultivated emmer (Triticum dicoccon Schrank) has its main value 
in its potential to grow in poor soil conditions and its resistance to fungal diseases 
(Zaharieva et al., 2010). Useful genes from cultivated emmer (Triticum dicoccon 
Schrank) (2n=4x=28 chromosomes) (AABB) wheat can be introgressed into hexaploid 
bread wheat during hybridization and the breeding procedure can be sped up by double 
haploid technology through embryo rescue. This research has explored the introgression 
of cultivated emmer wheat into hexaploid bread wheat which the second most widely 
grown crop in the world (FAO, 2015). The introgression of emmer wheat (AB 
genomes) and synthetic wheat (D genome introgression from Aegilops tauschii Cosson) 
in this research study has been explored through various adaptation mechanisms in the 
progeny compared to the respective bread wheat parent under different water regimes, 
and association mapping studies as described below.  
7.1 Diverse response to soil water stress 
Physiological response to soil water stress in rain-fed conditions is definitely 
different to the irrigated environment. The differences between progeny responses 
compared to bread wheat parents under soil water stress could be the positive indicator 
of emmer and synthetic wheat introgressions in various doubled haploid lines. 
Significant genotype-by-environment (G x E) interaction was observed in TKW, yield, 
plant height, NDVI, and heading days from the combined analysis in five environments 
(E1 to E5) was shown (Chapter 3). The same interactions were also observed for yield 
and other physiological traits evaluated for combined analysis in each year (Chapter 3). 
Several other studies have found similar interactions between yield and other 
physiological traits in different environments or years (Trethowan et al., 2002; Lopes 
and Reynolds, 2012; Villegas et al., 2016). In these cases the breeders either choose the 
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genotype adapted to specific environments, or that were stable genotypes across 
environments (Isik and Kleinschmit, 2005; Mohammadi et al., 2010).  
In this current study we identified both ways to optimize the selection of high 
yield and water use efficiency due to genetic diversity from emmer and synthetic wheat. 
Some DH lines (as circled in Chapter 3, Figures 3.11b-g and i) showed no significant 
reduction in yield performance between rainfed and irrigated environment compared to 
their bread wheat parent that had significantly reduced yield under water stress. This is 
similar to other findings where emmer wheat offers genetic diversity in multiple biotic 
and abiotic stress tolerant traits including drought (Feldman and Sears, 1981; Nevo et 
al., 2002; Peleg et al., 2007). After choosing genotypes adapted to specific harsh 
environments (i.e. rainfed, warm or cold locations) (Mohammadi et al., 2010; 
Karimizadeh et al., 2013), one following strategy is to introduce this adaptability into  
high yield lines, so that subsequently their progenies will have acceptable yield 
performance and quality in harsh environments. Some of the progenies had significantly 
faster heading in water stress compared to their bread wheat parents (Chapter 3, Figures 
3.13 and 3.17). Maccaferri et al., (2011) found that major loci for phenology controlled 
drought response and these genes probably came from emmer parents. Shortened seed 
filling duration due to drought leads to small seed size (Frederick et al., 1991; de Souza 
et al., 1997). Therefore screening the percentage of small seeds is one of the indicators 
soil water stress vulnerability. Most of the Waxwing*2/Kiritati and T.dicocconP194625/
Ae.Squarrosa progenies were not significantly different in screenings between the 
rainfed and irrigated environments compared to their bread wheat parents (Chapter 3, 
Figure 3.16). The same reaction in seed size for hot environments was also observed in 
wheat (Shpiler and Blum, 1986). 
Interestingly, yield had positive correlations with NDVI during booting, 
heading, anthesis and grain filling stages only in irrigated environments (E1, E3 and E5) 
but no correlations were observed in rainfed (E2 and E4) environments. This is in 
contrast to Lopes and Reynolds (2012), where no significant correlations were observed 
in full irrigation but positive and negative correlations were found under heat and heat 
combined with drought environments. Yield showed negative correlation with canopy 
temperature (CT) from booting to grain filling stages in 2013 but not in 2014 and 2015 
(Chapter 3, Table 3.8). This may be due to a higher maximum temperature observed 
during these stages (August to October) in 2013 compared to 2014 and 2015 (Chapter 4, 
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Figure 4.2). The maximum temperature above 21°C during these stages significantly 
gave negative correlation with grain yield in the same location (Narrabri) (Randall and 
Moss, 1990). The maximum temperature in a particular environment may be the inducer 
of plant response to the environment. This corresponds to other studies where cooler CT 
is linked to indirect measurement of roots system access to water, thus, increased 
transpiration of the leaf area (Blum et al., 1989; Garrity and O’Toole, 1995; Lopes and 
Reynolds, 2010). All these studies had maximum atmospheric temperature above 21°C 
and Zhang et al., (2016) confirmed this hypothesis was true where no significant 
differences in CT were observed under low atmospheric temperatures for winter wheat. 
A negative relationship was observed between canopy temperature (at the anthesis and 
grain filling stages) and heading days in irrigated environments and not in the rainfed. 
The explanation behind this phenomenon is that high temperature (heat) leads to early 
heading, so that cultivars would have completed grain filling earlier in the season 
leading to high yield performance (Tewolde et al., 2006; Prasad et al., 2008). 
Significant G x E interactions in osmotic potential between progenies and all bread 
wheat parents were observed (Chapter 3, Table 3.21) indicating DH lines responses to 
water stress conditions. The ability of cells to reduce water potential by building up the 
osmolytes in rainfed environments compared to irrigated in this research increased 
osmotic adjustment, hence maintaining full turgor in the  tissue under water stress as 
previously observed by Ranney et al., (1991) and Morgan (2000). In the current 
research, significant genotype, depth and genotype x depth interaction were observed. 
Root depth is one of the traits that linked to WUE in plants, and adaptation to drought 
(Lopes and Reynolds, 2010; Atta et al., 2013). 
7.2 Water-use efficiency improvement  
Improving wheat water use efficiency (WUE) by use of genetic diversity was an 
efficient strategy and provided incremental improvement in performance in progenies 
compared to their bread wheat parent (Chapter 4). There were 6 emmers (Accessions; 
T.dicoccon 500132, T.dicoccon 500110, T.dicoccon AUS 21758, BARI 7531, 
T.dicoccon C18643 and T.dicoccon AUS 19385) that contributed diversity in WUEGrain 
(Chapter 4, Figure 4.6). Of these, two emmers wheat (Accession id; T.dicoccon AUS 
19385 and T.dicoccon AUS 21758) gave improvements in doubled haploid lines in 
intrinsic (WUEintr) and instantaneous (WUEi) water-use efficiencies (Chapter 4, Figures 
4.7 and 4.8). Some DH lines showed positive correlations between WUEGrain and 
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WUEintr (Chapter 4, Figures 4.6 and 4.8) and were higher than their bread wheat parents 
(PBW 502 and DBW 16). This is a good indicator that an emmer contribution had 
improved WUE at the leaf and grain levels at the same time. Another study has found 
wild progenitors had high WUEi nearly triple the value at late stage in a drier location 
and they maintained relatively high photosynthesis (A) (Yan et al., 2015). In addition to 
that, Pradhan et al., (2012) observed >25% differences in grain yield reduction between 
other wheat cultivars and wild species under drought stress compared to a control 
environment. In addition, Peleg et al. (2009) had observed high grain yield in dry 
environments compared to domesticated parent, substantially  contributed to high 
WUEGrain.  
Most of the selected DH lines showed low transpiration (E) and stomatal 
conductance (gs) compared to their bread wheat parent (Chapter 4, Figures 4.8a and c). 
Associated with this result, negative correlation was observed between these variables 
(E and gs) with WUEi and WUEintr (Chapter 4, Table 4.5). Similar observations have 
been reported in previous studies where the values of E and gs were lower for the plants 
under stress (de Santana et al., 2015) and reduction of both variables lead to WUE 
increasing substantially (Baodi et al., 2008; Bilgrami et al., 2015); the contribution of 
emmer and synthetic wheats to WUE improvement was clear. In the current research, 
significant genotype, depth and genotype x depth interaction observed between different 
water regimes (Chapter 4, Table 4.2). In addition to that, entry 16 showed the same 
interaction and had significant higher osmotic adjustment compared to its bread wheat 
parent (Chapter 3, Tables 3.22 and 3.33 and Figure 3.19). This correlates with previous 
studies showing root depth is one of the traits linked to plant WUE and adaptation to 
drought (Lopes and Reynolds, 2010; Atta et al., 2013).  
7.3 Grain quality improvement  
Usage of broad genetic base of bread wheat (Triticum dicoccon Schrank and 
Aegilops tauschii Cosson) and introducing its into hexaploid bread wheat is well known 
and proven contribute to improvement in grain quality to existing cultivars (Lage et al., 
2006; Chatzav et al., 2010). Therefore, significant improvement in grain protein 
compared to bread parent were identified from two emmers (Accession id; T.dicoccon 
500110 and T.dicoccon C18644) and three emmers (T. dicoccon 500132, T. dicoccon 
C18644 and Bari 7533) derived lines demonstrating high mean and stable yield across 
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five environments with higher grain protein content (Chapter 5, Figures 5.13, 5.14 and 
5.15). This is in agreement with the results obtain by Lage et al., (2006), where 
progenies with wild diploid goat grass (Aegilops tauschii Cosson) and cultivated emmer 
(Triticum dicoccon Schrank) backgrounds had significantly higher protein content 
(mean: 15.5%) than the control (mean: 13.1%), as well as longer grains than ‘Seri 
M82’. High protein content in DH lines observed is possibly related to the incorporation 
of genes from emmer, which has high protein content (mean: 16.8%) compared to other 
hulled wheats (Konvalina et al., 2012). Positive correlations were observed between 
chlorophyll content index (CCI) during heading and anthesis stages and grain protein in 
irrigated and rainfed but correlated negatively with test weight (Chapter 5, 2014 trial). 
This is similar to previous studies where positive correlations between CCI and grain 
protein content (GPC) were observed and were studied thoroughly (Nakano et al., 2010; 
Gao et al., 2012). The GPC-B1 gene from wild emmer has been confirmed to improve 
grain protein content in bread wheat without reducing grain yield (Eagles et al., 2014). 
However, this gene reduced test weight as observed by DePauw et al., (2011), thus 
explaining the negative correlation observed between GPC and test weight. Similar 
findings observed by Ozturk and Aydin (2004), where the effect of water stress on grain 
quality was evaluated at various growth stages.  
7.4 Wheat ideotype in north-western NSW, Australia 
This research had highlighted some of the ideal model plant types which are 
suited for north-western NSW, Australia. Suntop, DH lines with entries number 25, 14, 
186, 98, 129, 39, 53, 173, 48, 50 and 174 were the most stable with high yield 
performance across 5 environments. These identified genotypes had low screenings, 
medium plant height (between 93 – 102 cm and maximum 109 cm in this study), higher 
chlorophyll content index (milky stage), higher NDVI (during heading and grain filling 
stages) and high TKW (Chapter 3, Figure 3.22 and Appendices II). These DH lines also 
had higher grain protein content compared to Suntop (regional check cultivar; Chapter 
5, Figure 5.15), although negative correlation between yield and grain protein is 
frequently observed as a common rule in previous studies (Kibite and Evans, 1984; 
Gonzalez-Hernandez et al., 2004; Marinciu and Săulescu, 2008). Nevertheless, it should 
be pointed out that no cytological studies have been conducted on these lines to verify 
that they carry the full complement of D genome chromosomes. Table 6.6 gives a clue 
to the actual chromosomal status of this material and clearly shows far fewer MTAs 
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associated with D genome than the AB genomes. Furthermore, only 4 MTAs for 4D and 
11 for 5D are presented casting doubt as to whether these chromosomes are actually 
present. In addition, high GPC does not necessarily equate with suitable end use quality. 
No tests have been done on baking quality from the DH lines with emmer genes. 
However, protein quality determined by sodium dodecyl sulfate sedimentation (SDS-S) 
was found significantly positive with grain weight in synthetic hexaploids on emmer 
wheat (Lage et al., 2006).     
7.5 Diversity in marker-trait associations 
Single nucleotide polymorphism (SNP) markers associated with yield and other 
important plant development and quality traits were identified and described thoroughly 
in Chapter 6. A total of 36,261 high quality SNPs were used in a genome-wide 
association study (GWAS) across the treatments and year trials conducted. We 
identified some MTAs that had direct effect on GE interaction where it only appeared in 
rainfed a environment and not in an irrigated environment (Chapter 6, Figures 6.2-6.7, 
6.10, 6.11, 6.14, 6.15). Chromosomes (MTAs) 7A (4), 7B (2) and 2D (6) had significant 
MTA associated with positive effects on grain yield and WUEGrain (SNPs index 24169, 
2539, 12587, 12588, 10533, 1883, 22544, 10425, 943, 21645, 6269 and 17354) (Table 
6.3). Three MTAs were associated with low screenings on chromosomes 3A (1), 6B (1), 
7B (1) with SNPs index 7482, 12330 and 3369. Two MTAs were associated with faster 
heading on chromosomes 4A (SNPs index 7328 and 7455).  
Two MTAs for high grain protein were on chromosomes 3A (1), and 7D (1) 
with SNPs index 6653 and 1157 (Table 6.3) and no pleiotropic effect was detected for a 
reduction of yield or its components. This shows that exploitation of GE interaction in 
this study is successful in identifying MTAs that express in the target environment. In 
addition, significant interactions between GE were shown for all traits discussed above 
in the two years of trials of different water regimes (Chapter 3, Tables 3.17 and 3.19; 
Chapter 4, Tables 4.3; Chapter 5, Tables 5.11 and 5.12). These MTAs that were only 
observed in the rainfed environment shows that genetic diversity contributed from 
emmer (AB genome) and synthetic wheat (D genome) benefits bread wheat in drought 
adaptability in water deficit conditions. The identification of critical chromosomal 
regions in exotic materials for transfer into breeding materials has been tried before 
(Tanksley and Nelson 1996; Börner et al., 2002). Therefore, segregated MTAs shown in 
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this study that linked with strong phenotypic data as discussed in Chapter 6 has 
demonstrated that the transfer of valuable QTLs from emmer wheat to elite bread wheat 
can be achieved.  
Stable MTAs (i.e. detected in at least 2 of the 3 years trials) were identified for 
TKW on chromosomes (MTAs) 2B (3) and 5B (2). Stable QTLs were also found by a 
previous study in the same chromosomes, where QTLs detected in 4 out of six locations 
(Groos et al., 2003). Selection based on experiments in drought prone areas has largely 
improved drought adaptation by earlier flowering, reduced plant height and increased 
harvest index (Richards et al., 2010). The current study has identified these 3 factors 
related as previous study based on phenotypic data (Chapter 3, Figure 3.20, and Tables 
3.8, 3.10, 3.12, 3.14 and 3.16) and MTAs observed through GWAS are parallel with 
each other, where high MTAs associated with reduced plant height, faster heading and 
higher TKW (Appendix III, Table 2) on the same chromosomes (1B, Chapter 6, Table 
6.5). This finding is crucial where necessary to identified genes or alleles conferring 
genuine improvement of the plants physiological capacity to tolerate drought (Curtis 
and Halford, 2014; Lopes et al., 2014). Therefore, exploitation of QTL alleles from wild 
relatives can be extremely important for improving drought tolerance and other 
important traits (Tuberosa and Salvi, 2006). 
7.6 Conclusion 
1. The results of this study indicated that drought adaptability in bread wheat can 
be improved compared to their respective bread wheat parents based on their 
difference response in rainfed environments. 
2. The high WUEGrain DH lines identified can be used to develop more efficient 
cultivars to increase yield per unit water.  
3. Fewer heading days, higher NDVI at heading and anthesis, higher chlorophyll 
content index at milky stage with high TKW, high osmotic adjustment, longer 
root depth (i.e. entry 16 as described above), low transpiration and low stomatal 
conductance were the key traits that contributed to high water use efficiency.  
4. Current study provides evidence that introgression of emmer wheat (AB 
genome) and synthetic wheat (D genome) has enhanced productivity, grain 
protein content (%) and drought resistance in bread wheat.  
 202 
 
5. Physiological, phenology and plant height impact on stress response has been 
understood and explained in this thesis. 
6. Heritability for all traits and significant MTAs associated with adaptability in 
drought have been identified. 
7. The effect of environment (GE interaction) on water use efficiency and other 
traits in bread wheat has been understood.  
7.7 Future work 
1. The MTAs (SNPs index: 24169, 2539, 12587, 12588, 10533 and 1883) observed 
in WUEGrain and yield in rainfed conditions could be used for screening for high 
yield in drought-prone area for future early selection, but firstly validation of 
these markers for all DH lines that showed higher yield compared to their 
respective bread parents in water deficit condition is essential.   
2. The MTA (SNPs index: 6653, 22624 and 1157) which were associated with  
high grain protein (GPC) without compromised other traits should be validated 
on ideal genotypes (stable genotypes across environment with higher GPC than 
Suntop). 
3.  The ideal genotypes can be released once multi location trials and quality 
assessments (i.e, baking quality) have been done.  
4. A QTL (quantitative trait locus) analysis should be undertaken to prove emmer 
segments have successfully been introgressed into the DH lines that have 
improvements in yield in rainfed environments and protein content compared to 
their bread wheat parents in this research
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Appendices 
Appendix I  
Table 1: List of double haploids derived from table 3.1 crosses: Number 1-480 has 
enough seed to go through for 2013 experiment under optimum condition and number 1 
to 200 has been selected to go through experiments in different moisture regimes (2014-
2015) based on 2013 results.  
 Entry  
 No.      Genotype/Designation               Pedigree  
   
1 BERKUT IRENA/BAVIACORA-M-92//PASTOR 
2 SOKOLL PASTOR/3/ALTAR-84/AE.SQ(TR.TA)//OPATA-M-85 
3 2-49/CUNNINGHAM//KENNEDY 2-49/CUNNINGHAM//KENNEDY 
4 T.DICOCCONP194625/AE.SQUARROSA T.DICOCCONP194625/AE.SQUARROSA 
5 PBW502 W-485/PBW-343//RAJ-1482  
6 PBW550 WH-594/RAJ-3856//W-485 
7 DBW16 RAJ-3765/WR-484//HUW-468 
8 DBW17 CMH-79-A-95/3*CIANO-79//RAJ-3777 
9 Sunlin Sunlin 
   10   Waxwing*2/Kiritati Waxwing*2/Kiritati 
11     SUNTOP SUNCO/2*PASTOR//SUN-436-E 
   12 EGA-Gregory Pelsart/2*Batavia (DH line) 
13 Spitfire Drysdale/Kukri 
14 PBI09C001-BC-DH1 BERKUT/2/BERKUT / 35880 M C18644 
15 PBI09C001-BC-DH9 BERKUT/2/BERKUT / 35880 M C18644 
16 PBI09C001-BC-DH33 BERKUT/2/BERKUT / 35880 M C18644 
17 PBI09C001-BC-DH58 BERKUT/2/BERKUT / 35880 M C18644 
18 PBI09C001-BC-DH64 BERKUT/2/BERKUT / 35880 M C18644 
19 PBI09C001-BC-DH89 BERKUT/2/BERKUT / 35880 M C18644 
20 PBI09C001-BC-DH98 BERKUT/2/BERKUT / 35880 M C18644 
21 PBI09C002-BC-DH1 BERKUT/2/BERKUT  / 35891 M500281 
22 PBI09C002-BC-DH5 BERKUT/2/BERKUT  / 35891 M500281 
23 PBI09C002-BC-DH20 BERKUT/2/BERKUT  / 35891 M500281 
24 PBI09C004-BC-DH23 BERKUT/2/BERKUT  / 35883 M500110 
25 PBI09C004-BC-DH24 BERKUT/2/BERKUT  / 35883 M500110 
26 PBI09C004-BC-DH74 BERKUT/2/BERKUT  / 35883 M500110 
27 PBI09C004-BC-DH76 BERKUT/2/BERKUT  / 35883 M500110 
28 PBI09C004-BC-DH78 BERKUT/2/BERKUT  / 35883 M500110 
29 PBI09C004-BC-DH106 BERKUT/2/BERKUT  / 35883 M500110 
30 PBI09C004-BC-DH117 BERKUT/2/BERKUT  / 35883 M500110 
31 PBI09C004-BC-DH118 BERKUT/2/BERKUT  / 35883 M500110 
32 PBI09C008-BC-DH1 SOKOLL/2/SOKOLL / 35883 M500110 
33 PBI09C008-BC-DH8 SOKOLL/2/SOKOLL / 35883 M500110 
34 PBI09C008-BC-DH19 SOKOLL/2/SOKOLL / 35883 M500110 
35 PBI09C008-BC-DH20 SOKOLL/2/SOKOLL / 35883 M500110 
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36 PBI09C008-BC-DH23 SOKOLL/2/SOKOLL / 35883 M500110 
37 PBI09C008-BC-DH26 SOKOLL/2/SOKOLL / 35883 M500110 
38 PBI09C008-BC-DH30 SOKOLL/2/SOKOLL / 35883 M500110 
39 PBI09C008-BC-DH31 SOKOLL/2/SOKOLL / 35883 M500110 
40 PBI09C008-BC-DH32 SOKOLL/2/SOKOLL / 35883 M500110 
41 PBI09C008-BC-DH35 SOKOLL/2/SOKOLL / 35883 M500110 
42 PBI09C008-BC-DH39 SOKOLL/2/SOKOLL / 35883 M500110 
43 PBI09C008-BC-DH40 SOKOLL/2/SOKOLL / 35883 M500110 
44 PBI09C009-BC-DH2 SOKOLL/2/SOKOLL / 35888 M 500132 
45 PBI09C009-BC-DH16 SOKOLL/2/SOKOLL / 35888 M 500132 
46 PBI09C009-BC-DH17 SOKOLL/2/SOKOLL / 35888 M 500132 
47 PBI09C009-BC-DH25 SOKOLL/2/SOKOLL / 35888 M 500132 
48 PBI09C009-BC-DH57 SOKOLL/2/SOKOLL / 35888 M 500132 
49 PBI09C009-BC-DH71 SOKOLL/2/SOKOLL / 35888 M 500132 
50 PBI09C009-BC-DH76 SOKOLL/2/SOKOLL / 35888 M 500132 
51 PBI09C009-BC-DH84 SOKOLL/2/SOKOLL / 35888 M 500132 
52 PBI09C009-BC-DH86 SOKOLL/2/SOKOLL / 35888 M 500132 
53 PBI09C009-BC-DH89 SOKOLL/2/SOKOLL / 35888 M 500132 
54 PBI09C010-BC-DH1 SOKOLL/2/SOKOLL / 35879 M C18643 
55 PBI09C010-BC-DH3 SOKOLL/2/SOKOLL / 35879 M C18643 
56 PBI09C010-BC-DH4 SOKOLL/2/SOKOLL / 35879 M C18643 
57 PBI09C010-BC-DH7 SOKOLL/2/SOKOLL / 35879 M C18643 
58 PBI09C010-BC-DH8 SOKOLL/2/SOKOLL / 35879 M C18643 
59 PBI09C010-BC-DH9 SOKOLL/2/SOKOLL / 35879 M C18643 
60 PBI09C010-BC-DH10 SOKOLL/2/SOKOLL / 35879 M C18643 
61 PBI09C010-BC-DH13 SOKOLL/2/SOKOLL / 35879 M C18643 
62 PBI09C010-BC-DH15 SOKOLL/2/SOKOLL / 35879 M C18643 
63 PBI09C010-BC-DH18 SOKOLL/2/SOKOLL / 35879 M C18643 
64 PBI09C010-BC-DH19 SOKOLL/2/SOKOLL / 35879 M C18643 
65 PBI09C016-BC-DH4 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35880 M 
C18644 
66 PBI09C018-BC-DH2 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
67 PBI09C018-BC-DH5 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
68 PBI09C018-BC-DH6 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
69 PBI09C018-BC-DH9 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
70 PBI09C018-BC-DH11 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
71 PBI09C018-BC-DH20 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
72 PBI09C018-BC-DH29 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
73 PBI09C021-BC-DH5 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
74 PBI09C021-BC-DH7 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
75 PBI09C023-BC-DH2 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35884 M500113 
76 PBI09C023-BC-DH3 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35884 M500113 
77 PBI09C026-BC-DH21 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
78 PBI09C026-BC-DH31 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
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79 PBI09C026-BC-DH66 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
80 PBI09C026-BC-DH73 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
81 PBI09C026-BC-DH87 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
82 PBI09C026-BC-DH91 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
83 PBI09C026-BC-DH99 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
84 PBI09C026-BC-DH110 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
85 PBI09C026-BC-DH114 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
86 PBI09C028-BC-DH2 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
87 PBI09C028-BC-DH3 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
88 PBI09C028-BC-DH5 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
89 PBI09C028-BC-DH7 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
90 PBI09C028-BC-DH10 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
91 PBI09C028-BC-DH17 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
92 PBI09C028-BC-DH27 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
93 PBI09C028-BC-DH32 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
94 PBI09C028-BC-DH37 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
95 PBI09C028-BC-DH38 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
96 PBI09C028-BC-DH44 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
97 PBI09C028-BC-DH54 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
98 PBI09C034-BC-DH9 PBW502 /2/PBW502 / 21758  KC75 
99 PBI09C034-BC-DH17 PBW502 /2/PBW502 / 21758  KC75 
100 PBI09C034-BC-DH23 PBW502 /2/PBW502 / 21758  KC75 
101 PBI09C034-BC-DH27 PBW502 /2/PBW502 / 21758  KC75 
102 PBI09C034-BC-DH29 PBW502 /2/PBW502 / 21758  KC75 
103 PBI09C034-BC-DH30 PBW502 /2/PBW502 / 21758  KC75 
104 PBI09C034-BC-DH33 PBW502 /2/PBW502 / 21758  KC75 
105 PBI09C034-BC-DH34 PBW502 /2/PBW502 / 21758  KC75 
106 PBI09C035-BC-DH2 PBW502 /2/PBW502 / 19385  KC75 
107 PBI09C035-BC-DH3 PBW502 /2/PBW502 / 19385  KC75 
108 PBI09C035-BC-DH7 PBW502 /2/PBW502 / 19385  KC75 
109 PBI09C035-BC-DH11 PBW502 /2/PBW502 / 19385  KC75 
110 PBI09C035-BC-DH13 PBW502 /2/PBW502 / 19385  KC75 
111 PBI09C035-BC-DH21 PBW502 /2/PBW502 / 19385  KC75 
112 PBI09C035-BC-DH25 PBW502 /2/PBW502 / 19385  KC75 
113 PBI09C035-BC-DH26 PBW502 /2/PBW502 / 19385  KC75 
114 PBI09C035-BC-DH28 PBW502 /2/PBW502 / 19385  KC75 
115 PBI09C035-BC-DH37 PBW502 /2/PBW502 / 19385  KC75 
116 PBI09C035-BC-DH41 PBW502 /2/PBW502 / 19385  KC75 
117 PBI09C038-BC-DH7 PBW550 /2/PBW550 / 18293  KC75 
118 PBI09C038-BC-DH9 PBW550 /2/PBW550 / 18293  KC75 
119 PBI09C038-BC-DH10 PBW550 /2/PBW550 / 18293  KC75 
120 PBI09C038-BC-DH17 PBW550 /2/PBW550 / 18293  KC75 
121 PBI09C038-BC-DH21 PBW550 /2/PBW550 / 18293  KC75 
122 PBI09C038-BC-DH22 PBW550 /2/PBW550 / 18293  KC75 
123 PBI09C038-BC-DH23 PBW550 /2/PBW550 / 18293  KC75 
124 PBI09C039-BC-DH9 PBW550 /2/PBW550 / 18343  KC75 
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125 PBI09C039-BC-DH26 PBW550 /2/PBW550 / 18343  KC75 
126 PBI09C039-BC-DH40 PBW550 /2/PBW550 / 18343  KC75 
127 PBI09C039-BC-DH46 PBW550 /2/PBW550 / 18343  KC75 
128 PBI09C039-BC-DH47 PBW550 /2/PBW550 / 18343  KC75 
129 PBI09C039-BC-DH63 PBW550 /2/PBW550 / 18343  KC75 
130 PBI09C039-BC-DH69 PBW550 /2/PBW550 / 18343  KC75 
131 PBI09C039-BC-DH73 PBW550 /2/PBW550 / 18343  KC75 
132 PBI09C039-BC-DH78 PBW550 /2/PBW550 / 18343  KC75 
133 PBI09C039-BC-DH81 PBW550 /2/PBW550 / 18343  KC75 
134 PBI09C039-BC-DH88 PBW550 /2/PBW550 / 18343  KC75 
135 PBI09C043-BC-DH3 DBW16 /2/DBW16 / 21758  KC75 
136 PBI09C043-BC-DH10 DBW16 /2/DBW16 / 21758  KC75 
137 PBI09C043-BC-DH11 DBW16 /2/DBW16 / 21758  KC75 
138 PBI09C043-BC-DH12 DBW16 /2/DBW16 / 21758  KC75 
139 PBI09C043-BC-DH14 DBW16 /2/DBW16 / 21758  KC75 
140 PBI09C043-BC-DH15 DBW16 /2/DBW16 / 21758  KC75 
141 PBI09C043-BC-DH28 DBW16 /2/DBW16 / 21758  KC75 
142 PBI09C043-BC-DH31 DBW16 /2/DBW16 / 21758  KC75 
143 PBI09C043-BC-DH48 DBW16 /2/DBW16 / 21758  KC75 
144 PBI09C043-BC-DH51 DBW16 /2/DBW16 / 21758  KC75 
145 PBI09C043-BC-DH55 DBW16 /2/DBW16 / 21758  KC75 
146 PBI09C045-BC-DH2 DBW16 /2/DBW16 / 18341  KC75 
147 PBI09C045-BC-DH4 DBW16 /2/DBW16 / 18341  KC75 
148 PBI09C045-BC-DH6 DBW16 /2/DBW16 / 18341  KC75 
149 PBI09C045-BC-DH13 DBW16 /2/DBW16 / 18341  KC75 
150 PBI09C045-BC-DH15 DBW16 /2/DBW16 / 18341  KC75 
151 PBI09C045-BC-DH17 DBW16 /2/DBW16 / 18341  KC75 
152 PBI09C045-BC-DH27 DBW16 /2/DBW16 / 18341  KC75 
153 PBI09C045-BC-DH28 DBW16 /2/DBW16 / 18341  KC75 
154 PBI09C045-BC-DH30 DBW16 /2/DBW16 / 18341  KC75 
155 PBI09C045-BC-DH31 DBW16 /2/DBW16 / 18341  KC75 
156 PBI09C049-BC-DH4 DBW17 /2/DBW17 / 19385  KC75 
157 PBI09C051-BC-DH4 DBW17 /2/DBW17 / 18341  KC75 
158 PBI09C001-BC-DH8 BERKUT/2/BERKUT / 35880 M C18644 
159 PBI09C001-BC-DH46 BERKUT/2/BERKUT / 35880 M C18644 
160 PBI09C001-BC-DH61 BERKUT/2/BERKUT / 35880 M C18644 
161 PBI09C001-BC-DH79 BERKUT/2/BERKUT / 35880 M C18644 
162 PBI09C001-BC-DH80 BERKUT/2/BERKUT / 35880 M C18644 
163 PBI09C001-BC-DH86 BERKUT/2/BERKUT / 35880 M C18644 
164 PBI09C002-BC-DH6 BERKUT/2/BERKUT  / 35891 M500281 
165 PBI09C002-BC-DH8 BERKUT/2/BERKUT  / 35891 M500281 
166 PBI09C004-BC-DH1 BERKUT/2/BERKUT  / 35883 M500110 
167 PBI09C004-BC-DH51 BERKUT/2/BERKUT  / 35883 M500110 
168 PBI09C008-BC-DH7 SOKOLL/2/SOKOLL / 35883 M500110 
169 PBI09C008-BC-DH17 SOKOLL/2/SOKOLL / 35883 M500110 
170 PBI09C009-BC-DH1 SOKOLL/2/SOKOLL / 35888 M 500132 
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171 PBI09C009-BC-DH29 SOKOLL/2/SOKOLL / 35888 M 500132 
172 PBI09C009-BC-DH30 SOKOLL/2/SOKOLL / 35888 M 500132 
173 PBI09C009-BC-DH52 SOKOLL/2/SOKOLL / 35888 M 500132 
174 PBI09C009-BC-DH56 SOKOLL/2/SOKOLL / 35888 M 500132 
175 PBI09C016-BC-DH7 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35880 M 
C18644 
176 PBI09C018-BC-DH4 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
177 PBI09C018-BC-DH8 
2-49/CUNNINGHAM//KENNEDY/4/2-49/CUNNINGHAM//KENNEDY /3/ 35883 
M500110 
178 PBI09C021-BC-DH4 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
179 PBI09C021-BC-DH19 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
180 PBI09C026-BC-DH39 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
181 PBI09C026-BC-DH65 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
182 PBI09C026-BC-DH71 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
183 PBI09C026-BC-DH88 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
184 PBI09C028-BC-DH18 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
185 PBI09C034-BC-DH19 PBW502 /2/PBW502 / 21758  KC75 
186 PBI09C034-BC-DH21 PBW502 /2/PBW502 / 21758  KC75 
187 PBI09C035-BC-DH20 PBW502 /2/PBW502 / 19385  KC75 
188 PBI09C035-BC-DH22 PBW502 /2/PBW502 / 19385  KC75 
189 PBI09C038-BC-DH1 PBW550 /2/PBW550 / 18293  KC75 
190 PBI09C038-BC-DH4 PBW550 /2/PBW550 / 18293  KC75 
191 PBI09C038-BC-DH24 PBW550 /2/PBW550 / 18293  KC75 
192 PBI09C039-BC-DH53 PBW550 /2/PBW550 / 18343  KC75 
193 PBI09C039-BC-DH60 PBW550 /2/PBW550 / 18343  KC75 
194 PBI09C043-BC-DH22 DBW16 /2/DBW16 / 21758  KC75 
195 PBI09C043-BC-DH44 DBW16 /2/DBW16 / 21758  KC75 
196 PBI09C045-BC-DH20 DBW16 /2/DBW16 / 18341  KC75 
197 PBI09C045-BC-DH21 DBW16 /2/DBW16 / 18341  KC75 
198 PBI09C049-BC-DH1 DBW17 /2/DBW17 / 19385  KC75 
199 PBI09C049-BC-DH5 DBW17 /2/DBW17 / 19385  KC75 
200 PBI09C049-BC-DH6 DBW17 /2/DBW17 / 19385  KC75 
201 PBI09C001-BC-DH10 BERKUT/2/BERKUT / 35880 M C18644 
202 PBI09C001-BC-DH100 BERKUT/2/BERKUT / 35880 M C18644 
203 PBI09C001-BC-DH14 BERKUT/2/BERKUT / 35880 M C18644 
204 PBI09C001-BC-DH16 BERKUT/2/BERKUT / 35880 M C18644 
205 PBI09C001-BC-DH17 BERKUT/2/BERKUT / 35880 M C18644 
206 PBI09C001-BC-DH25 BERKUT/2/BERKUT / 35880 M C18644 
207 PBI09C001-BC-DH26 BERKUT/2/BERKUT / 35880 M C18644 
208 PBI09C001-BC-DH29 BERKUT/2/BERKUT / 35880 M C18644 
209 PBI09C001-BC-DH30 BERKUT/2/BERKUT / 35880 M C18644 
210 PBI09C001-BC-DH31 BERKUT/2/BERKUT / 35880 M C18644 
211 PBI09C001-BC-DH38 BERKUT/2/BERKUT / 35880 M C18644 
212 PBI09C001-BC-DH39 BERKUT/2/BERKUT / 35880 M C18644 
213 PBI09C001-BC-DH44 BERKUT/2/BERKUT / 35880 M C18644 
214 PBI09C001-BC-DH45 BERKUT/2/BERKUT / 35880 M C18644 
215 PBI09C001-BC-DH47 BERKUT/2/BERKUT / 35880 M C18644 
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216 PBI09C001-BC-DH49 BERKUT/2/BERKUT / 35880 M C18644 
217 PBI09C001-BC-DH51 BERKUT/2/BERKUT / 35880 M C18644 
218 PBI09C001-BC-DH52 BERKUT/2/BERKUT / 35880 M C18644 
219 PBI09C001-BC-DH54 BERKUT/2/BERKUT / 35880 M C18644 
220 PBI09C001-BC-DH60 BERKUT/2/BERKUT / 35880 M C18644 
221 PBI09C001-BC-DH67 BERKUT/2/BERKUT / 35880 M C18644 
222 PBI09C001-BC-DH68 BERKUT/2/BERKUT / 35880 M C18644 
223 PBI09C001-BC-DH69 BERKUT/2/BERKUT / 35880 M C18644 
224 PBI09C001-BC-DH7 BERKUT/2/BERKUT / 35880 M C18644 
225 PBI09C001-BC-DH71 BERKUT/2/BERKUT / 35880 M C18644 
226 PBI09C001-BC-DH73 BERKUT/2/BERKUT / 35880 M C18644 
227 PBI09C001-BC-DH74 BERKUT/2/BERKUT / 35880 M C18644 
228 PBI09C001-BC-DH75 BERKUT/2/BERKUT / 35880 M C18644 
229 PBI09C001-BC-DH76 BERKUT/2/BERKUT / 35880 M C18644 
230 PBI09C001-BC-DH78 BERKUT/2/BERKUT / 35880 M C18644 
231 PBI09C001-BC-DH82 BERKUT/2/BERKUT / 35880 M C18644 
232 PBI09C001-BC-DH83 BERKUT/2/BERKUT / 35880 M C18644 
233 PBI09C001-BC-DH84 BERKUT/2/BERKUT / 35880 M C18644 
234 PBI09C001-BC-DH85 BERKUT/2/BERKUT / 35880 M C18644 
235 PBI09C001-BC-DH88 BERKUT/2/BERKUT / 35880 M C18644 
236 PBI09C001-BC-DH90 BERKUT/2/BERKUT / 35880 M C18644 
237 PBI09C001-BC-DH99 BERKUT/2/BERKUT / 35880 M C18644 
238 PBI09C002-BC-DH14 BERKUT/2/BERKUT  / 35891 M500281 
239 PBI09C002-BC-DH21 BERKUT/2/BERKUT  / 35891 M500281 
240 PBI09C002-BC-DH9 BERKUT/2/BERKUT  / 35891 M500281 
241 PBI09C004-BC-DH101 BERKUT/2/BERKUT  / 35883 M500110 
242 PBI09C004-BC-DH114 BERKUT/2/BERKUT  / 35883 M500110 
243 PBI09C004-BC-DH119 BERKUT/2/BERKUT  / 35883 M500110 
244 PBI09C004-BC-DH121 BERKUT/2/BERKUT  / 35883 M500110 
245 PBI09C004-BC-DH124 BERKUT/2/BERKUT  / 35883 M500110 
246 PBI09C004-BC-DH125 BERKUT/2/BERKUT  / 35883 M500110 
247 PBI09C004-BC-DH2 BERKUT/2/BERKUT  / 35883 M500110 
248 PBI09C004-BC-DH20 BERKUT/2/BERKUT  / 35883 M500110 
249 PBI09C004-BC-DH29 BERKUT/2/BERKUT  / 35883 M500110 
250 PBI09C004-BC-DH35 BERKUT/2/BERKUT  / 35883 M500110 
251 PBI09C004-BC-DH37 BERKUT/2/BERKUT  / 35883 M500110 
252 PBI09C004-BC-DH41 BERKUT/2/BERKUT  / 35883 M500110 
253 PBI09C004-BC-DH46 BERKUT/2/BERKUT  / 35883 M500110 
254 PBI09C004-BC-DH54 BERKUT/2/BERKUT  / 35883 M500110 
255 PBI09C004-BC-DH66 BERKUT/2/BERKUT  / 35883 M500110 
256 PBI09C004-BC-DH68 BERKUT/2/BERKUT  / 35883 M500110 
257 PBI09C004-BC-DH71 BERKUT/2/BERKUT  / 35883 M500110 
258 PBI09C004-BC-DH79 BERKUT/2/BERKUT  / 35883 M500110 
259 PBI09C004-BC-DH8 BERKUT/2/BERKUT  / 35883 M500110 
260 PBI09C004-BC-DH80 BERKUT/2/BERKUT  / 35883 M500110 
261 PBI09C004-BC-DH81 BERKUT/2/BERKUT  / 35883 M500110 
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262 PBI09C004-BC-DH85 BERKUT/2/BERKUT  / 35883 M500110 
263 PBI09C004-BC-DH91 BERKUT/2/BERKUT  / 35883 M500110 
264 PBI09C004-BC-DH93 BERKUT/2/BERKUT  / 35883 M500110 
265 PBI09C008-BC-DH12 SOKOLL/2/SOKOLL / 35883 M500110 
266 PBI09C008-BC-DH14 SOKOLL/2/SOKOLL / 35883 M500110 
267 PBI09C008-BC-DH18 SOKOLL/2/SOKOLL / 35883 M500110 
268 PBI09C008-BC-DH21 SOKOLL/2/SOKOLL / 35883 M500110 
269 PBI09C008-BC-DH22 SOKOLL/2/SOKOLL / 35883 M500110 
270 PBI09C008-BC-DH24 SOKOLL/2/SOKOLL / 35883 M500110 
271 PBI09C008-BC-DH25 SOKOLL/2/SOKOLL / 35883 M500110 
272 PBI09C008-BC-DH27 SOKOLL/2/SOKOLL / 35883 M500110 
273 PBI09C008-BC-DH28 SOKOLL/2/SOKOLL / 35883 M500110 
274 PBI09C008-BC-DH33 SOKOLL/2/SOKOLL / 35883 M500110 
275 PBI09C008-BC-DH34 SOKOLL/2/SOKOLL / 35883 M500110 
276 PBI09C008-BC-DH38 SOKOLL/2/SOKOLL / 35883 M500110 
277 PBI09C009-BC-DH10 SOKOLL/2/SOKOLL / 35888 M 500132 
278 PBI09C009-BC-DH22 SOKOLL/2/SOKOLL / 35888 M 500132 
279 PBI09C009-BC-DH24 SOKOLL/2/SOKOLL / 35888 M 500132 
280 PBI09C009-BC-DH28 SOKOLL/2/SOKOLL / 35888 M 500132 
281 PBI09C009-BC-DH3 SOKOLL/2/SOKOLL / 35888 M 500132 
282 PBI09C009-BC-DH32 SOKOLL/2/SOKOLL / 35888 M 500132 
283 PBI09C009-BC-DH33 SOKOLL/2/SOKOLL / 35888 M 500132 
284 PBI09C009-BC-DH38 SOKOLL/2/SOKOLL / 35888 M 500132 
285 PBI09C009-BC-DH39 SOKOLL/2/SOKOLL / 35888 M 500132 
286 PBI09C009-BC-DH40 SOKOLL/2/SOKOLL / 35888 M 500132 
287 PBI09C009-BC-DH42 SOKOLL/2/SOKOLL / 35888 M 500132 
288 PBI09C009-BC-DH46 SOKOLL/2/SOKOLL / 35888 M 500132 
289 PBI09C009-BC-DH5 SOKOLL/2/SOKOLL / 35888 M 500132 
290 PBI09C009-BC-DH53 SOKOLL/2/SOKOLL / 35888 M 500132 
291 PBI09C009-BC-DH54 SOKOLL/2/SOKOLL / 35888 M 500132 
292 PBI09C009-BC-DH59 SOKOLL/2/SOKOLL / 35888 M 500132 
293 PBI09C009-BC-DH6 SOKOLL/2/SOKOLL / 35888 M 500132 
294 PBI09C009-BC-DH61 SOKOLL/2/SOKOLL / 35888 M 500132 
295 PBI09C009-BC-DH69 SOKOLL/2/SOKOLL / 35888 M 500132 
296 PBI09C009-BC-DH73 SOKOLL/2/SOKOLL / 35888 M 500132 
297 PBI09C009-BC-DH79 SOKOLL/2/SOKOLL / 35888 M 500132 
298 PBI09C009-BC-DH83 SOKOLL/2/SOKOLL / 35888 M 500132 
299 PBI09C009-BC-DH91 SOKOLL/2/SOKOLL / 35888 M 500132 
300 PBI09C009-BC-DH97 SOKOLL/2/SOKOLL / 35888 M 500132 
301 PBI09C009-BC-DH98 SOKOLL/2/SOKOLL / 35888 M 500132 
302 PBI09C010-BC-DH14 SOKOLL/2/SOKOLL / 35879 M C18643 
303 PBI09C010-BC-DH16 SOKOLL/2/SOKOLL / 35879 M C18643 
304 PBI09C010-BC-DH17 SOKOLL/2/SOKOLL / 35879 M C18643 
305 PBI09C010-BC-DH2 SOKOLL/2/SOKOLL / 35879 M C18643 
306 PBI09C010-BC-DH20 SOKOLL/2/SOKOLL / 35879 M C18643 
307 PBI09C010-BC-DH5 SOKOLL/2/SOKOLL / 35879 M C18643 
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308 PBI09C016-BC-DH11 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35880 M C18644 
309 PBI09C016-BC-DH5 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35880 M C18644 
310 PBI09C016-BC-DH6 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35880 M C18644 
311 PBI09C018-BC-DH10 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
312 PBI09C018-BC-DH12 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
313 PBI09C018-BC-DH13 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
314 PBI09C018-BC-DH15 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
315 PBI09C018-BC-DH16 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
316 PBI09C018-BC-DH17 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
317 PBI09C018-BC-DH18 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
318 PBI09C018-BC-DH22 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
319 PBI09C018-BC-DH24 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
320 PBI09C018-BC-DH26 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
321 PBI09C018-BC-DH7 
CANADIAN/CANNINGHAM/KENNEDY/3/CANADIAN/CANNINGHAM/KENNEDY 
/2/ 35883 M500110 
322 PBI09C021-BC-DH3 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
323 PBI09C021-BC-DH6 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35883 M500110 
324 PBI09C023-BC-DH1 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35884 M500113 
325 PBI09C023-BC-DH4 
T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR 
/4/T.DICOCCONP194625/AE.SQUARROSA(372)/2/3*PASTOR /3/ 35884 M500116 
326 PBI09C026-BC-DH100 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500208 
327 PBI09C026-BC-DH102 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500210 
328 PBI09C026-BC-DH103 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500211 
329 PBI09C026-BC-DH105 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500213 
330 PBI09C026-BC-DH107 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500215 
331 PBI09C026-BC-DH108 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500216 
332 PBI09C026-BC-DH109 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500217 
333 PBI09C026-BC-DH111 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500219 
334 PBI09C026-BC-DH112 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500220 
335 PBI09C026-BC-DH113 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500221 
336 PBI09C026-BC-DH116 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500224 
337 PBI09C026-BC-DH117 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500225 
338 PBI09C026-BC-DH119 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500227 
339 PBI09C026-BC-DH120 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500228 
340 PBI09C026-BC-DH17 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
341 PBI09C026-BC-DH18 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
342 PBI09C026-BC-DH22 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
343 PBI09C026-BC-DH23 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500132 
344 PBI09C026-BC-DH27 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500135 
345 PBI09C026-BC-DH28 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500136 
346 PBI09C026-BC-DH29 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500137 
347 PBI09C026-BC-DH34 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500142 
348 PBI09C026-BC-DH36 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500144 
349 PBI09C026-BC-DH40 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500148 
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350 PBI09C026-BC-DH42 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500150 
351 PBI09C026-BC-DH46 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500154 
352 PBI09C026-BC-DH47 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500155 
353 PBI09C026-BC-DH54 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500162 
354 PBI09C026-BC-DH58 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500166 
355 PBI09C026-BC-DH60 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500168 
356 PBI09C026-BC-DH61 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500169 
357 PBI09C026-BC-DH62 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500170 
358 PBI09C026-BC-DH63 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500171 
359 PBI09C026-BC-DH64 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500172 
360 PBI09C026-BC-DH70 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500178 
361 PBI09C026-BC-DH76 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500184 
362 PBI09C026-BC-DH78 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500186 
363 PBI09C026-BC-DH80 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500188 
364 PBI09C026-BC-DH81 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500189 
365 PBI09C026-BC-DH82 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500190 
366 PBI09C026-BC-DH83 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500191 
367 PBI09C026-BC-DH84 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500192 
368 PBI09C026-BC-DH85 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500193 
369 PBI09C026-BC-DH86 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500194 
370 PBI09C026-BC-DH92 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500200 
371 PBI09C026-BC-DH94 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500202 
372 PBI09C026-BC-DH98 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35888 M 500206 
373 PBI09C028-BC-DH11 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
374 PBI09C028-BC-DH12 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
375 PBI09C028-BC-DH26 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
376 PBI09C028-BC-DH48 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
377 PBI09C028-BC-DH49 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
378 PBI09C028-BC-DH6 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
379 PBI09C028-BC-DH8 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
380 PBI09C028-BC-DH9 WAXWING*2/KIRITATI /3/WAXWING*2/KIRITATI /2/ 35880 M C18644 
381 PBI09C034-BC-DH13 PBW502 /2/PBW502 / 21758  KC75 
382 PBI09C034-BC-DH18 PBW502 /2/PBW502 / 21758  KC75 
383 PBI09C034-BC-DH28 PBW502 /2/PBW502 / 21758  KC75 
384 PBI09C035-BC-DH27 PBW502 /2/PBW502 / 19385  KC75 
385 PBI09C035-BC-DH32 PBW502 /2/PBW502 / 19385  KC75 
386 PBI09C038-BC-DH16 PBW550 /2/PBW550 / 18293  KC75 
387 PBI09C038-BC-DH19 PBW550 /2/PBW550 / 18293  KC75 
388 PBI09C038-BC-DH8 PBW550 /2/PBW550 / 18293  KC75 
389 PBI09C039-BC-DH1 PBW550 /2/PBW550 / 18343  KC75 
390 PBI09C039-BC-DH10 PBW550 /2/PBW550 / 18343  KC75 
391 PBI09C039-BC-DH11 PBW550 /2/PBW550 / 18343  KC75 
392 PBI09C039-BC-DH14 PBW550 /2/PBW550 / 18343  KC75 
393 PBI09C039-BC-DH16 PBW550 /2/PBW550 / 18343  KC75 
394 PBI09C039-BC-DH17 PBW550 /2/PBW550 / 18343  KC75 
395 PBI09C039-BC-DH18 PBW550 /2/PBW550 / 18343  KC75 
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396 PBI09C039-BC-DH19 PBW550 /2/PBW550 / 18343  KC75 
397 PBI09C039-BC-DH20 PBW550 /2/PBW550 / 18343  KC75 
398 PBI09C039-BC-DH22 PBW550 /2/PBW550 / 18343  KC75 
399 PBI09C039-BC-DH23 PBW550 /2/PBW550 / 18343  KC75 
400 PBI09C039-BC-DH27 PBW550 /2/PBW550 / 18343  KC75 
401 PBI09C039-BC-DH28 PBW550 /2/PBW550 / 18343  KC75 
402 PBI09C039-BC-DH29 PBW550 /2/PBW550 / 18343  KC75 
403 PBI09C039-BC-DH3 PBW550 /2/PBW550 / 18343  KC75 
404 PBI09C039-BC-DH30 PBW550 /2/PBW550 / 18343  KC75 
405 PBI09C039-BC-DH31 PBW550 /2/PBW550 / 18343  KC75 
406 PBI09C039-BC-DH32 PBW550 /2/PBW550 / 18343  KC75 
407 PBI09C039-BC-DH33 PBW550 /2/PBW550 / 18343  KC75 
408 PBI09C039-BC-DH34 PBW550 /2/PBW550 / 18343  KC75 
409 PBI09C039-BC-DH35 PBW550 /2/PBW550 / 18343  KC75 
410 PBI09C039-BC-DH36 PBW550 /2/PBW550 / 18343  KC75 
411 PBI09C039-BC-DH38 PBW550 /2/PBW550 / 18343  KC75 
412 PBI09C039-BC-DH39 PBW550 /2/PBW550 / 18343  KC75 
413 PBI09C039-BC-DH4 PBW550 /2/PBW550 / 18343  KC75 
414 PBI09C039-BC-DH41 PBW550 /2/PBW550 / 18343  KC75 
415 PBI09C039-BC-DH44 PBW550 /2/PBW550 / 18343  KC75 
416 PBI09C039-BC-DH49 PBW550 /2/PBW550 / 18343  KC75 
417 PBI09C039-BC-DH5 PBW550 /2/PBW550 / 18343  KC75 
418 PBI09C039-BC-DH50 PBW550 /2/PBW550 / 18343  KC75 
419 PBI09C039-BC-DH51 PBW550 /2/PBW550 / 18343  KC75 
420 PBI09C039-BC-DH56 PBW550 /2/PBW550 / 18343  KC75 
421 PBI09C039-BC-DH58 PBW550 /2/PBW550 / 18343  KC75 
422 PBI09C039-BC-DH59 PBW550 /2/PBW550 / 18343  KC75 
423 PBI09C039-BC-DH6 PBW550 /2/PBW550 / 18343  KC75 
424 PBI09C039-BC-DH62 PBW550 /2/PBW550 / 18343  KC75 
425 PBI09C039-BC-DH64 PBW550 /2/PBW550 / 18343  KC75 
426 PBI09C039-BC-DH65 PBW550 /2/PBW550 / 18343  KC75 
427 PBI09C039-BC-DH67 PBW550 /2/PBW550 / 18343  KC75 
428 PBI09C039-BC-DH7 PBW550 /2/PBW550 / 18343  KC75 
429 PBI09C039-BC-DH71 PBW550 /2/PBW550 / 18343  KC75 
430 PBI09C039-BC-DH72 PBW550 /2/PBW550 / 18343  KC75 
431 PBI09C039-BC-DH74 PBW550 /2/PBW550 / 18343  KC75 
432 PBI09C039-BC-DH75 PBW550 /2/PBW550 / 18343  KC75 
433 PBI09C039-BC-DH8 PBW550 /2/PBW550 / 18343  KC75 
434 PBI09C039-BC-DH80 PBW550 /2/PBW550 / 18343  KC75 
435 PBI09C039-BC-DH82 PBW550 /2/PBW550 / 18343  KC75 
436 PBI09C039-BC-DH84 PBW550 /2/PBW550 / 18343  KC75 
437 PBI09C039-BC-DH85 PBW550 /2/PBW550 / 18343  KC75 
438 PBI09C039-BC-DH90 PBW550 /2/PBW550 / 18343  KC75 
439 PBI09C039-BC-DH91 PBW550 /2/PBW550 / 18343  KC75 
440 PBI09C039-BC-DH92 PBW550 /2/PBW550 / 18343  KC75 
441 PBI09C039-BC-DH93 PBW550 /2/PBW550 / 18343  KC75 
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442 PBI09C039-BC-DH94 PBW550 /2/PBW550 / 18343  KC75 
443 PBI09C043-BC-DH1 DBW16 /2/DBW16 / 21758  KC75 
444 PBI09C043-BC-DH13 DBW16 /2/DBW16 / 21758  KC75 
445 PBI09C043-BC-DH16 DBW16 /2/DBW16 / 21758  KC75 
446 PBI09C043-BC-DH18 DBW16 /2/DBW16 / 21758  KC75 
447 PBI09C043-BC-DH19 DBW16 /2/DBW16 / 21758  KC75 
448 PBI09C043-BC-DH2 DBW16 /2/DBW16 / 21758  KC75 
449 PBI09C043-BC-DH20 DBW16 /2/DBW16 / 21758  KC75 
450 PBI09C043-BC-DH23 DBW16 /2/DBW16 / 21758  KC75 
451 PBI09C043-BC-DH25 DBW16 /2/DBW16 / 21758  KC75 
452 PBI09C043-BC-DH27 DBW16 /2/DBW16 / 21758  KC75 
453 PBI09C043-BC-DH29 DBW16 /2/DBW16 / 21758  KC75 
454 PBI09C043-BC-DH30 DBW16 /2/DBW16 / 21758  KC75 
455 PBI09C043-BC-DH33 DBW16 /2/DBW16 / 21758  KC75 
456 PBI09C043-BC-DH34 DBW16 /2/DBW16 / 21758  KC75 
457 PBI09C043-BC-DH36 DBW16 /2/DBW16 / 21758  KC75 
458 PBI09C043-BC-DH37 DBW16 /2/DBW16 / 21758  KC75 
459 PBI09C043-BC-DH38 DBW16 /2/DBW16 / 21758  KC75 
460 PBI09C043-BC-DH40 DBW16 /2/DBW16 / 21758  KC75 
461 PBI09C043-BC-DH41 DBW16 /2/DBW16 / 21758  KC75 
462 PBI09C043-BC-DH47 DBW16 /2/DBW16 / 21758  KC75 
463 PBI09C043-BC-DH49 DBW16 /2/DBW16 / 21758  KC75 
464 PBI09C043-BC-DH5 DBW16 /2/DBW16 / 21758  KC75 
465 PBI09C043-BC-DH50 DBW16 /2/DBW16 / 21758  KC75 
466 PBI09C043-BC-DH53 DBW16 /2/DBW16 / 21758  KC75 
467 PBI09C043-BC-DH54 DBW16 /2/DBW16 / 21758  KC75 
468 PBI09C043-BC-DH57 DBW16 /2/DBW16 / 21758  KC75 
469 PBI09C043-BC-DH6 DBW16 /2/DBW16 / 21758  KC75 
470 PBI09C043-BC-DH67 DBW16 /2/DBW16 / 21758  KC75 
471 PBI09C043-BC-DH8 DBW16 /2/DBW16 / 21758  KC75 
472 PBI09C045-BC-DH10 DBW16 /2/DBW16 / 18341  KC75 
473 PBI09C045-BC-DH3 DBW16 /2/DBW16 / 18341  KC75 
474 PBI09C045-BC-DH8 DBW16 /2/DBW16 / 18341  KC75 
475 PBI09C048-BC-DH23 DBW17 /2/DBW17 / 21758  KC75 
476 PBI09C048-BC-DH39 DBW17 /2/DBW17 / 21758  KC75 
477 PBI09C048-BC-DH40 DBW17 /2/DBW17 / 21758  KC75 
478 PBI09C048-BC-DH8 DBW17 /2/DBW17 / 21758  KC75 
479 PBI09C049-BC-DH2 DBW17 /2/DBW17 / 19385  KC76 
480 PBI09C049-BC-DH3 DBW17 /2/DBW17 / 19385  KC77 
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Figure 1: Narrabri field map. The black arrow shows Hydrant 4 west (2013 
experimental site), the green arrow shows Hydrant 21 East (2014 and 2015 
Experimental sites), and the dark blue arrow shows Hydrant 22 East (2014 experimental 
site). 
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Figure 2: Nutrient available results in 2013 experimental site before experiment started 
and sufficient ranged value for every elements (a: 0-15 cm depth; b: 15-60cm depth; c: 
60-90cm depth). Whereas in 2014 experimental site (d: 0-10 cm depth; e: 10-60cm 
depth; f: 60-90cm depth) and in 2015 experimental site (g-h: 0-15 cm depth, 15-60cm 
depth, 60-90cm depth). 
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Figure 3: The root lesion nematode (Pratylenchus species) risk results was low at 2013 
experimental site (a), 2014 (b) and 2015 (c) 
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Figure 4: Neutron moisture meter calibration runned at northeast to southwest I.A. 
Watson Grains Research Centre, Narrabri through the buffer area on 2013. 
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Appendix II. 
Table 1: Mean of Yield (t/ha) for each environment (independent analysis) and combined analysis (E1-E5) in 5 environments (2013-2015) 
   
Yield (t/ha) 
   
Combined 
Entry number Genotype/Designation E1 E2 E3 E4 E5 E1-E5 
1 Berkut 3.421 4.273 4.646 4.348 5.882 4.399 
2 SOKOLL 3.192 3.648 5.227 4.142 4.827 4.093 
3 2-49/CUNNINGHAM//KENNEDY 2.765 3.411 4.869 3.537 4.431 3.765 
4 T.DICOCCONP194625/AE.SQUARROSA 3.287 3.117 4.177 4.209 4.434 3.933 
5 PBW502 2.868 4.042 5.281 4.37 5.393 4.375 
6 PBW550 2.698 3.908 5.222 4.837 4.605 4.264 
7 DBW16 2.233 4.034 5.381 4.516 5.097 4.112 
8 DBW17 2.551 4.118 4.662 4.451 4.763 3.995 
9 Sunlin 3.525 3.053 4.5 4.777 4.634 4.144 
10 Waxwing*2/Kiritati * * * 4.445 4.764 4.675 
11 SUNTOP 3.501 4.177 5.145 4.87 5.566 4.623 
12 EGA-Gregory 3.284 3.69 5.172 4.161 5.193 4.408 
13 Spitfire 2.639 3.678 5.055 4.227 5.276 4.136 
14 PBI09C001-BC-DH1 3.338 4.302 5.135 3.934 5.218 4.299 
15 PBI09C001-BC-DH9 3.298 3.835 5.299 4.001 4.608 4.071 
16 PBI09C001-BC-DH33 3.285 4.401 4.961 4.303 4.918 4.354 
17 PBI09C001-BC-DH58 3.038 4.148 5.332 3.739 4.112 4.002 
18 PBI09C001-BC-DH64 3.169 4.153 5.135 3.762 4.393 4.102 
19 PBI09C001-BC-DH89 3.299 4.268 5.333 4.06 4.336 4.286 
20 PBI09C001-BC-DH98 3.294 4.04 5.04 3.975 4.608 4.192 
21 PBI09C002-BC-DH1 3.309 3.936 4.872 3.649 3.582 3.727 
22 PBI09C002-BC-DH5 2.844 4.082 4.998 3.796 4.22 3.934 
23 PBI09C002-BC-DH20 3.254 4.174 5.065 3.975 4.783 4.178 
24 PBI09C004-BC-DH23 3.352 4.049 5.751 3.837 4.486 4.206 
25 PBI09C004-BC-DH24 3.206 4.351 5.497 4.137 5.01 4.316 
26 PBI09C004-BC-DH74 3.365 4.123 4.927 4.499 4.091 4.233 
27 PBI09C004-BC-DH76 3.226 4.053 5.393 3.956 4.471 4.329 
28 PBI09C004-BC-DH78 3.191 3.704 4.881 4.168 4.675 4.05 
29 PBI09C004-BC-DH106 3.128 4.126 5.356 4.402 4.19 4.329 
30 PBI09C004-BC-DH117 3.359 4.115 5.187 3.851 4.262 4.164 
31 PBI09C004-BC-DH118 3.183 3.947 5.091 4.202 4.767 4.34 
32 PBI09C008-BC-DH1 3.424 3.763 4.595 4.68 5.008 4.269 
33 PBI09C008-BC-DH8 3.32 3.975 5.174 4.426 4.338 4.525 
34 PBI09C008-BC-DH19 3.202 3.937 4.499 4.37 4.401 4.076 
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35 PBI09C008-BC-DH20 3.186 4.08 4.848 4.126 4.553 4.205 
36 PBI09C008-BC-DH23 3.377 3.756 4.904 4.283 4.196 4.08 
37 PBI09C008-BC-DH26 3.195 4.075 4.974 4.407 4.761 4.235 
38 PBI09C008-BC-DH30 3.263 3.731 4.739 4.693 4.311 4.038 
39 PBI09C008-BC-DH31 3.671 3.64 5.141 4.652 5.467 4.392 
40 PBI09C008-BC-DH32 3.592 3.885 5.153 4.509 4.734 4.435 
41 PBI09C008-BC-DH35 3.224 3.782 4.585 4.497 4.448 4.237 
42 PBI09C008-BC-DH39 3.208 4.034 4.885 4.587 4.51 4.113 
43 PBI09C008-BC-DH40 3.369 3.516 4.971 4.408 4.768 4.16 
44 PBI09C009-BC-DH2 3.491 3.86 5.074 4.541 4.794 4.215 
45 PBI09C009-BC-DH16 3.333 3.736 5.075 4.368 4.963 4.131 
46 PBI09C009-BC-DH17 3.272 3.562 4.735 4.66 4.548 4.146 
47 PBI09C009-BC-DH25 3.383 3.949 5.144 4.673 4.539 4.419 
48 PBI09C009-BC-DH57 3.32 3.88 5.336 4.601 4.93 4.362 
49 PBI09C009-BC-DH71 3.614 3.916 5.1 4.227 4.591 4.232 
50 PBI09C009-BC-DH76 3.322 3.777 5.345 4.746 4.902 4.472 
51 PBI09C009-BC-DH84 3.379 3.779 5.083 4.859 4.954 4.499 
52 PBI09C009-BC-DH86 3.596 3.86 5.344 4.758 4.819 4.447 
53 PBI09C009-BC-DH89 3.467 3.816 5.34 4.534 5.065 4.399 
54 PBI09C010-BC-DH1 3.097 3.878 4.838 4.346 4.759 4.028 
55 PBI09C010-BC-DH3 3.112 3.589 5.126 4.695 4.84 4.228 
56 PBI09C010-BC-DH4 3.173 3.839 4.763 4.277 4.473 3.935 
57 PBI09C010-BC-DH7 3.271 3.594 4.718 4.474 4.404 4.044 
58 PBI09C010-BC-DH8 3.104 3.58 4.844 4.274 4.638 4.089 
59 PBI09C010-BC-DH9 3.384 3.783 4.88 4.378 4.712 4.245 
60 PBI09C010-BC-DH10 3.297 3.805 5.274 4.019 4.346 4.094 
61 PBI09C010-BC-DH13 2.963 3.475 4.871 4.192 4.833 4.143 
62 PBI09C010-BC-DH15 3.046 4.029 4.247 4.289 4.618 4.078 
63 PBI09C010-BC-DH18 2.987 3.533 4.886 4.405 4.575 4.1 
64 PBI09C010-BC-DH19 3.464 4.067 4.76 4.21 4.197 4.113 
65 PBI09C016-BC-DH4 2.44 3.213 4.233 3.962 4.141 3.639 
66 PBI09C018-BC-DH2 1.448 2.287 3.214 3.347 3.372 2.886 
67 PBI09C018-BC-DH5 1.747 2.848 4.456 4.003 3.397 3.364 
68 PBI09C018-BC-DH6 2.19 3.246 4.118 3.901 4.231 3.556 
69 PBI09C018-BC-DH9 1.885 3.115 4.317 4.075 4.623 3.612 
70 PBI09C018-BC-DH11 2.653 2.984 4.447 3.828 4.17 3.524 
71 PBI09C018-BC-DH20 1.676 2.933 4.214 4.174 4.258 3.467 
72 PBI09C018-BC-DH29 1.799 2.509 4.11 3.94 4.195 3.316 
73 PBI09C021-BC-DH5 2.988 3.404 4.73 3.919 4.596 3.861 
74 PBI09C021-BC-DH7 3.037 3.563 4.478 3.816 4.554 3.761 
75 PBI09C023-BC-DH2 3.225 3.641 4.456 3.637 4.28 3.896 
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76 PBI09C023-BC-DH3 3.108 3.744 4.847 3.555 4.538 4.122 
77 PBI09C026-BC-DH21 2.941 3.952 5.218 4.273 4.829 4.198 
78 PBI09C026-BC-DH31 2.986 3.846 4.789 4.131 4.215 3.975 
79 PBI09C026-BC-DH66 2.912 3.903 5.183 3.745 4.647 4.024 
80 PBI09C026-BC-DH73 3.282 3.821 4.974 4.069 4.295 4.068 
81 PBI09C026-BC-DH87 3.108 3.769 5.064 4.333 4.661 4.257 
82 PBI09C026-BC-DH91 3.001 3.545 4.946 4.133 4.095 4.108 
83 PBI09C026-BC-DH99 2.884 3.772 5.076 4.185 5.132 4.299 
84 PBI09C026-BC-DH110 2.958 3.88 4.851 4.113 4.494 4.138 
85 PBI09C026-BC-DH114 3.01 3.854 5.277 4.308 4.77 4.334 
86 PBI09C028-BC-DH2 2.733 3.401 4.844 4.186 4.748 3.899 
87 PBI09C028-BC-DH3 3.101 3.569 4.864 4.322 4.504 4.113 
88 PBI09C028-BC-DH5 2.911 4.071 4.891 4.511 4.915 4.255 
89 PBI09C028-BC-DH7 2.799 3.822 5.023 4.151 4.897 4.048 
90 PBI09C028-BC-DH10 2.838 4.052 4.777 4.231 4.558 4.165 
91 PBI09C028-BC-DH17 2.593 3.909 4.602 4.069 4.628 3.953 
92 PBI09C028-BC-DH27 3.322 4.341 4.813 4.198 4.454 4.305 
93 PBI09C028-BC-DH32 2.644 3.97 5.007 4.05 4.499 3.927 
94 PBI09C028-BC-DH37 2.896 3.813 5.078 4.618 4.602 4.207 
95 PBI09C028-BC-DH38 2.781 3.834 5.119 4.172 4.512 4.055 
96 PBI09C028-BC-DH44 2.646 3.851 4.49 3.99 3.793 3.7 
97 PBI09C028-BC-DH54 3.017 3.872 4.595 4.325 4.621 4.056 
98 PBI09C034-BC-DH9 3.297 4.163 5.39 4.846 5.224 4.584 
99 PBI09C034-BC-DH17 2.67 4.132 5.698 4.327 5.112 4.364 
100 PBI09C034-BC-DH23 2.591 3.969 5.644 4.528 4.765 4.389 
101 PBI09C034-BC-DH27 2.708 4.006 5.302 4.6 4.919 4.233 
102 PBI09C034-BC-DH29 2.526 4.111 5.196 4.613 4.471 4.075 
103 PBI09C034-BC-DH30 2.908 3.665 5.392 4.369 4.687 4.351 
104 PBI09C034-BC-DH33 2.669 4.336 5.506 4.307 4.723 4.284 
105 PBI09C034-BC-DH34 2.87 4.284 5.045 4.141 5.013 4.167 
106 PBI09C035-BC-DH2 2.828 4.009 5.302 4.132 5.448 4.395 
107 PBI09C035-BC-DH3 3.178 4.003 5.36 3.92 5.016 4.309 
108 PBI09C035-BC-DH7 2.313 3.747 4.819 4.418 5.112 4.007 
109 PBI09C035-BC-DH11 2.803 3.631 5.768 4.702 4.209 4.348 
110 PBI09C035-BC-DH13 2.503 3.807 5.292 4.129 4.821 3.991 
111 PBI09C035-BC-DH21 2.679 4.025 5.23 4.098 4.201 4.052 
112 PBI09C035-BC-DH25 2.942 4.271 5.346 4.681 5.309 4.498 
113 PBI09C035-BC-DH26 2.988 4.221 5.421 4.343 4.511 4.275 
114 PBI09C035-BC-DH28 2.52 3.786 5.641 4.125 4.954 4.342 
115 PBI09C035-BC-DH37 2.772 3.985 5.579 4.486 5.429 4.497 
116 PBI09C035-BC-DH41 2.677 3.972 5.317 4.143 4.59 3.978 
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117 PBI09C038-BC-DH7 2.468 3.986 5.077 4.957 4.447 4.313 
118 PBI09C038-BC-DH9 2.3 4.08 5.138 4.419 4.443 4.001 
119 PBI09C038-BC-DH10 2.472 4.042 5.039 4.531 5.224 4.18 
120 PBI09C038-BC-DH17 2.634 4.179 5.365 4.559 5.178 4.265 
121 PBI09C038-BC-DH21 2.276 3.729 5.455 4.276 5.038 4.201 
122 PBI09C038-BC-DH22 2.477 3.638 4.926 4.47 5.461 4.178 
123 PBI09C038-BC-DH23 2.364 4.077 5.751 4.5 5.07 4.384 
124 PBI09C039-BC-DH9 3.425 3.926 4.892 4.552 4.99 4.352 
125 PBI09C039-BC-DH26 2.875 3.816 4.907 4.552 4.356 4.054 
126 PBI09C039-BC-DH40 2.703 3.743 4.786 4.455 5.14 4.16 
127 PBI09C039-BC-DH46 2.879 4.204 5.034 4.281 5.054 4.453 
128 PBI09C039-BC-DH47 3.528 4.025 5.224 4.801 4.433 4.347 
129 PBI09C039-BC-DH63 3.699 4.132 5.302 4.709 5.342 4.516 
130 PBI09C039-BC-DH69 3.182 4.166 5.036 4.341 5.127 4.267 
131 PBI09C039-BC-DH73 2.865 3.962 5.185 4.733 5.208 4.28 
132 PBI09C039-BC-DH78 2.892 3.854 5.093 4.469 4.825 4.218 
133 PBI09C039-BC-DH81 2.887 4.121 5.09 4.371 5.137 4.292 
134 PBI09C039-BC-DH88 2.954 4.014 5.342 4.671 5.054 4.478 
135 PBI09C043-BC-DH3 2.728 4.027 4.91 3.925 4.779 4.121 
136 PBI09C043-BC-DH10 3.348 3.644 4.895 4.396 4.863 4.321 
137 PBI09C043-BC-DH11 2.836 3.947 5.223 4.286 4.911 4.269 
138 PBI09C043-BC-DH12 2.828 4.011 4.975 4.226 4.449 4.277 
139 PBI09C043-BC-DH14 2.697 4.1 4.969 4.136 4.901 4.085 
140 PBI09C043-BC-DH15 2.965 4.059 4.879 4.319 4.831 4.265 
141 PBI09C043-BC-DH28 2.989 3.943 4.899 3.758 4.638 3.992 
142 PBI09C043-BC-DH31 3.043 3.93 5.173 4.186 4.49 4.235 
143 PBI09C043-BC-DH48 3.085 3.995 5.189 4.258 4.964 4.193 
144 PBI09C043-BC-DH51 3.164 3.891 5.202 4.297 5.108 4.514 
145 PBI09C043-BC-DH55 2.935 4.039 4.869 4.077 5.119 4.17 
146 PBI09C045-BC-DH2 2.936 4.264 4.97 4.308 4.947 4.383 
147 PBI09C045-BC-DH4 2.861 4.1 5.275 4.048 4.781 4.362 
148 PBI09C045-BC-DH6 2.512 4.119 5.149 4.095 3.949 4.14 
149 PBI09C045-BC-DH13 2.701 3.842 4.982 4.084 5.03 4.096 
150 PBI09C045-BC-DH15 2.742 3.621 5.482 4.224 5.035 4.234 
151 PBI09C045-BC-DH17 2.977 3.838 5.171 4.271 5.745 4.415 
152 PBI09C045-BC-DH27 2.541 3.853 5.391 4.213 4.532 4.153 
153 PBI09C045-BC-DH28 2.955 3.71 5.377 4.113 5.091 4.138 
154 PBI09C045-BC-DH30 2.995 3.886 5.191 4.102 4.789 4.161 
155 PBI09C045-BC-DH31 2.824 4.18 5.055 4.409 4.577 4.341 
156 PBI09C049-BC-DH4 2.851 3.786 5.077 4.259 4.383 4.248 
157 PBI09C051-BC-DH4 2.596 3.853 5.24 4.441 4.335 4.024 
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158 PBI09C001-BC-DH8 3.188 4.009 5.256 4.153 4.794 4.229 
159 PBI09C001-BC-DH46 3.217 4.17 5.124 4.199 4.038 4.11 
160 PBI09C001-BC-DH61 2.967 3.232 4.755 3.868 4.283 3.831 
161 PBI09C001-BC-DH79 3.13 3.51 4.887 3.986 4.348 4.093 
162 PBI09C001-BC-DH80 2.995 3.968 5.124 4.372 4.562 4.037 
163 PBI09C001-BC-DH86 3.324 3.828 5.312 3.517 4.787 4.2 
164 PBI09C002-BC-DH6 3.294 3.744 5.024 3.886 3.544 3.919 
165 PBI09C002-BC-DH8 2.996 4.023 5.093 3.841 4.734 4.24 
166 PBI09C004-BC-DH1 3.497 3.983 5.121 4.509 3.984 4.146 
167 PBI09C004-BC-DH51 3.247 4.155 5.447 3.858 4.585 4.108 
168 PBI09C008-BC-DH7 3.373 3.681 5.036 4.478 4.249 4.371 
169 PBI09C008-BC-DH17 3.286 3.83 4.708 4.156 5.402 4.139 
170 PBI09C009-BC-DH1 3.333 3.662 4.445 4.088 3.756 3.793 
171 PBI09C009-BC-DH29 3.312 4.052 4.792 3.838 4.754 4.354 
172 PBI09C009-BC-DH30 3.874 3.827 5.064 4.419 5.043 4.388 
173 PBI09C009-BC-DH52 3.406 3.951 5.299 4.277 5.115 4.439 
174 PBI09C009-BC-DH56 3.642 4.16 5.015 4.607 5.24 4.708 
175 PBI09C016-BC-DH7 2.03 2.972 4.001 3.963 3.576 3.466 
176 PBI09C018-BC-DH4 2 2.939 4.317 4.096 4.223 3.463 
177 PBI09C018-BC-DH8 1.834 3.002 3.967 3.906 5.062 3.372 
178 PBI09C021-BC-DH4 2.75 3.633 4.624 3.584 4.253 3.937 
179 PBI09C021-BC-DH19 2.952 3.55 4.617 3.682 4.005 3.836 
180 PBI09C026-BC-DH39 3.342 3.826 4.766 4.414 4.486 4.248 
181 PBI09C026-BC-DH65 3.12 3.675 4.8 3.8 4.906 3.766 
182 PBI09C026-BC-DH71 3.01 4.089 5.419 3.89 4.763 4.317 
183 PBI09C026-BC-DH88 3.468 4.167 5.136 4.201 3.685 4.02 
184 PBI09C028-BC-DH18 2.926 3.787 4.81 4.301 4.063 4.252 
185 PBI09C034-BC-DH19 3.168 3.78 5.082 5.025 4.904 4.538 
186 PBI09C034-BC-DH21 3.169 4.089 5.775 4.518 5.138 4.387 
187 PBI09C035-BC-DH20 2.605 4.002 5.508 4.68 4.393 4.207 
188 PBI09C035-BC-DH22 2.898 3.943 5.732 3.975 4.945 4.1 
189 PBI09C038-BC-DH1 2.136 3.64 4.968 4.405 5.235 4.171 
190 PBI09C038-BC-DH4 2.399 4.084 5.147 4.019 4.979 4.204 
191 PBI09C038-BC-DH24 2.419 3.934 5.113 4.253 5.127 4.089 
192 PBI09C039-BC-DH53 2.878 4.164 4.929 4.206 4.959 4.23 
193 PBI09C039-BC-DH60 2.707 4.146 5.265 3.626 5.634 4.326 
194 PBI09C043-BC-DH22 2.798 4.102 5.057 4.16 5.003 4.215 
195 PBI09C043-BC-DH44 2.884 4.198 5.281 4.291 5.175 4.373 
196 PBI09C045-BC-DH20 3.054 4.085 5.17 3.951 4.839 4.339 
197 PBI09C045-BC-DH21 2.689 3.982 4.855 4.272 4.838 4.178 
198 PBI09C049-BC-DH1 3.985 3.615 5.015 4.034 4.877 4.099 
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199 PBI09C049-BC-DH5 3.452 3.997 5.372 3.343 3.407 3.941 
200 PBI09C049-BC-DH6 2.813 4.085 5.03 4.24 4.712 4.315 
201 PBI09C001-BC-DH10 3.057 
 
 
   202 PBI09C001-BC-DH100 2.665 
 
 
   203 PBI09C001-BC-DH14 2.88 
 
 
   204 PBI09C001-BC-DH16 2.794 
 
 
   205 PBI09C001-BC-DH17 2.787 
 
 
   206 PBI09C001-BC-DH25 3.082 
 
 
   207 PBI09C001-BC-DH26 2.88 
 
 
   208 PBI09C001-BC-DH29 3.193 
 
 
   209 PBI09C001-BC-DH30 2.787 
 
 
   210 PBI09C001-BC-DH31 3.112 
 
 
   211 PBI09C001-BC-DH38 3.164 
 
 
   212 PBI09C001-BC-DH39 2.733 
 
 
   213 PBI09C001-BC-DH44 2.826 
 
 
   214 PBI09C001-BC-DH45 3.076 
 
 
   215 PBI09C001-BC-DH47 3.095 
 
 
   216 PBI09C001-BC-DH49 2.519 
 
 
   217 PBI09C001-BC-DH51 3.123 
 
 
   218 PBI09C001-BC-DH52 2.714 
 
 
   219 PBI09C001-BC-DH54 2.868 
 
 
   220 PBI09C001-BC-DH60 2.788 
 
 
   221 PBI09C001-BC-DH67 3.098 
 
 
   222 PBI09C001-BC-DH68 2.711 
 
 
   223 PBI09C001-BC-DH69 3.493 
 
 
   224 PBI09C001-BC-DH7 3.191 
 
 
   225 PBI09C001-BC-DH71 2.976 
 
 
   226 PBI09C001-BC-DH73 3.014 
 
 
   227 PBI09C001-BC-DH74 2.522 
 
 
   228 PBI09C001-BC-DH75 3.616 
 
 
   229 PBI09C001-BC-DH76 2.796 
 
 
   230 PBI09C001-BC-DH78 3.049 
 
 
   231 PBI09C001-BC-DH82 3.313 
 
 
   232 PBI09C001-BC-DH83 2.869 
 
 
   233 PBI09C001-BC-DH84 2.949 
 
 
   234 PBI09C001-BC-DH85 3.562 
 
 
   235 PBI09C001-BC-DH88 3.147 
 
 
   236 PBI09C001-BC-DH90 2.986 
 
 
   237 PBI09C001-BC-DH99 2.7 
 
 
   238 PBI09C002-BC-DH14 2.852 
 
 
   239 PBI09C002-BC-DH21 2.619 
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240 PBI09C002-BC-DH9 2.997 
 
 
   241 PBI09C004-BC-DH101 2.997 
 
 
   242 PBI09C004-BC-DH114 2.856 
 
 
   243 PBI09C004-BC-DH119 2.915 
 
 
   244 PBI09C004-BC-DH121 3.21 
 
 
   245 PBI09C004-BC-DH124 2.927 
 
 
   246 PBI09C004-BC-DH125 2.673 
 
 
   247 PBI09C004-BC-DH2 2.889 
 
 
   248 PBI09C004-BC-DH20 2.884 
 
 
   249 PBI09C004-BC-DH29 2.883 
 
 
   250 PBI09C004-BC-DH35 2.935 
 
 
   251 PBI09C004-BC-DH37 2.936 
 
 
   252 PBI09C004-BC-DH41 2.926 
 
 
   253 PBI09C004-BC-DH46 3.194 
 
 
   254 PBI09C004-BC-DH54 2.85 
 
 
   255 PBI09C004-BC-DH66 2.871 
 
 
   256 PBI09C004-BC-DH68 3.121 
 
 
   257 PBI09C004-BC-DH71 2.837 
 
 
   258 PBI09C004-BC-DH79 2.824 
 
 
   259 PBI09C004-BC-DH8 3.21 
 
 
   260 PBI09C004-BC-DH80 3.418 
 
 
   261 PBI09C004-BC-DH81 3.033 
 
 
   262 PBI09C004-BC-DH85 2.907 
 
 
   263 PBI09C004-BC-DH91 2.577 
 
 
   264 PBI09C004-BC-DH93 2.587 
 
 
   265 PBI09C008-BC-DH12 3.029 
 
 
   266 PBI09C008-BC-DH14 3.055 
 
 
   267 PBI09C008-BC-DH18 3.151 
 
 
   268 PBI09C008-BC-DH21 3.122 
 
 
   269 PBI09C008-BC-DH22 3.121 
 
 
   270 PBI09C008-BC-DH24 2.997 
 
 
   271 PBI09C008-BC-DH25 2.802 
 
 
   272 PBI09C008-BC-DH27 2.944 
 
 
   273 PBI09C008-BC-DH28 3.091 
 
 
   274 PBI09C008-BC-DH33 2.914 
 
 
   275 PBI09C008-BC-DH34 3.141 
 
 
   276 PBI09C008-BC-DH38 2.915 
 
 
   277 PBI09C009-BC-DH10 3.015 
 
 
   278 PBI09C009-BC-DH22 3.252 
 
 
   279 PBI09C009-BC-DH24 3.181 
 
 
   280 PBI09C009-BC-DH28 2.896 
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281 PBI09C009-BC-DH3 3.073 
 
 
   282 PBI09C009-BC-DH32 3.212 
 
 
   283 PBI09C009-BC-DH33 3.236 
 
 
   284 PBI09C009-BC-DH38 3.061 
 
 
   285 PBI09C009-BC-DH39 3.34 
 
 
   286 PBI09C009-BC-DH40 3.198 
 
 
   287 PBI09C009-BC-DH42 1.566 
 
 
   288 PBI09C009-BC-DH46 2.53 
 
 
   289 PBI09C009-BC-DH5 2.99 
 
 
   290 PBI09C009-BC-DH53 2.498 
 
 
   291 PBI09C009-BC-DH54 2.676 
 
 
   292 PBI09C009-BC-DH59 2.807 
 
 
   293 PBI09C009-BC-DH6 3.198 
 
 
   294 PBI09C009-BC-DH61 3.113 
 
 
   295 PBI09C009-BC-DH69 3.111 
 
 
   296 PBI09C009-BC-DH73 3.065 
 
 
   297 PBI09C009-BC-DH79 3.171 
 
 
   298 PBI09C009-BC-DH83 2.838 
 
 
   299 PBI09C009-BC-DH91 2.946 
 
 
   300 PBI09C009-BC-DH97 3.124 
 
 
   301 PBI09C009-BC-DH98 3.155 
 
 
   302 PBI09C010-BC-DH14 2.826 
 
 
   303 PBI09C010-BC-DH16 2.873 
 
 
   304 PBI09C010-BC-DH17 2.492 
 
 
   305 PBI09C010-BC-DH2 2.908 
 
 
   306 PBI09C010-BC-DH20 2.785 
 
 
   307 PBI09C010-BC-DH5 3.206 
 
 
   308 PBI09C016-BC-DH11 * 
 
 
   309 PBI09C016-BC-DH5 1.947 
 
 
   310 PBI09C016-BC-DH6 1.471 
 
 
   311 PBI09C018-BC-DH10 1.682 
 
 
   312 PBI09C018-BC-DH12 1.85 
 
 
   313 PBI09C018-BC-DH13 1.353 
 
 
   314 PBI09C018-BC-DH15 2.133 
 
 
   315 PBI09C018-BC-DH16 1.913 
 
 
   316 PBI09C018-BC-DH17 1.914 
 
 
   317 PBI09C018-BC-DH18 2.563 
 
 
   318 PBI09C018-BC-DH22 2.917 
 
 
   319 PBI09C018-BC-DH24 1.871 
 
 
   320 PBI09C018-BC-DH26 1.619 
 
 
   321 PBI09C018-BC-DH7 1.611 
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322 PBI09C021-BC-DH3 2.949 
 
 
   323 PBI09C021-BC-DH6 3.119 
 
 
   324 PBI09C023-BC-DH1 3.063 
 
 
   325 PBI09C023-BC-DH4 2.719 
 
 
   326 PBI09C026-BC-DH100 2.838 
 
 
   327 PBI09C026-BC-DH102 2.153 
 
 
   328 PBI09C026-BC-DH103 2.533 
 
 
   329 PBI09C026-BC-DH105 2.737 
 
 
   330 PBI09C026-BC-DH107 2.469 
 
 
   331 PBI09C026-BC-DH108 2.83 
 
 
   332 PBI09C026-BC-DH109 2.582 
 
 
   333 PBI09C026-BC-DH111 2.522 
 
 
   334 PBI09C026-BC-DH112 2.455 
 
 
   335 PBI09C026-BC-DH113 2.954 
 
 
   336 PBI09C026-BC-DH116 2.648 
 
 
   337 PBI09C026-BC-DH117 2.608 
 
 
   338 PBI09C026-BC-DH119 2.568 
 
 
   339 PBI09C026-BC-DH120 2.851 
 
 
   340 PBI09C026-BC-DH17 2.757 
 
 
   341 PBI09C026-BC-DH18 2.66 
 
 
   342 PBI09C026-BC-DH22 2.675 
 
 
   343 PBI09C026-BC-DH23 2.524 
 
 
   344 PBI09C026-BC-DH27 2.578 
 
 
   345 PBI09C026-BC-DH28 2.606 
 
 
   346 PBI09C026-BC-DH29 2.673 
 
 
   347 PBI09C026-BC-DH34 2.208 
 
 
   348 PBI09C026-BC-DH36 2.38 
 
 
   349 PBI09C026-BC-DH40 2.405 
 
 
   350 PBI09C026-BC-DH42 2.729 
 
 
   351 PBI09C026-BC-DH46 2.637 
 
 
   352 PBI09C026-BC-DH47 2.648 
 
 
   353 PBI09C026-BC-DH54 2.693 
 
 
   354 PBI09C026-BC-DH58 2.617 
 
 
   355 PBI09C026-BC-DH60 2.703 
 
 
   356 PBI09C026-BC-DH61 2.385 
 
 
   357 PBI09C026-BC-DH62 2.447 
 
 
   358 PBI09C026-BC-DH63 2.427 
 
 
   359 PBI09C026-BC-DH64 2.611 
 
 
   360 PBI09C026-BC-DH70 2.198 
 
 
   361 PBI09C026-BC-DH76 2.465 
 
 
   362 PBI09C026-BC-DH78 3.003 
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363 PBI09C026-BC-DH80 2.829 
 
 
   364 PBI09C026-BC-DH81 2.621 
 
 
   365 PBI09C026-BC-DH82 2.542 
 
 
   366 PBI09C026-BC-DH83 2.565 
 
 
   367 PBI09C026-BC-DH84 2.484 
 
 
   368 PBI09C026-BC-DH85 2.79 
 
 
   369 PBI09C026-BC-DH86 2.735 
 
 
   370 PBI09C026-BC-DH92 2.782 
 
 
   371 PBI09C026-BC-DH94 2.867 
 
 
   372 PBI09C026-BC-DH98 2.491 
 
 
   373 PBI09C028-BC-DH11 2.588 
 
 
   374 PBI09C028-BC-DH12 2.209 
 
 
   375 PBI09C028-BC-DH26 2.585 
 
 
   376 PBI09C028-BC-DH48 2.345 
 
 
   377 PBI09C028-BC-DH49 3.092 
 
 
   378 PBI09C028-BC-DH6 2.221 
 
 
   379 PBI09C028-BC-DH8 2.445 
 
 
   380 PBI09C028-BC-DH9 2.822 
 
 
   381 PBI09C034-BC-DH13 2.04 
 
 
   382 PBI09C034-BC-DH18 2.824 
 
 
   383 PBI09C034-BC-DH28 2.456 
 
 
   384 PBI09C035-BC-DH27 1.773 
 
 
   385 PBI09C035-BC-DH32 2.34 
 
 
   386 PBI09C038-BC-DH16 1.906 
 
 
   387 PBI09C038-BC-DH19 2.018 
 
 
   388 PBI09C038-BC-DH8 2.11 
 
 
   389 PBI09C039-BC-DH1 2.395 
 
 
   390 PBI09C039-BC-DH10 2.543 
 
 
   391 PBI09C039-BC-DH11 2.295 
 
 
   392 PBI09C039-BC-DH14 2.044 
 
 
   393 PBI09C039-BC-DH16 2.136 
 
 
   394 PBI09C039-BC-DH17 2.302 
 
 
   395 PBI09C039-BC-DH18 2.572 
 
 
   396 PBI09C039-BC-DH19 2.317 
 
 
   397 PBI09C039-BC-DH20 2.656 
 
 
   398 PBI09C039-BC-DH22 2.191 
 
 
   399 PBI09C039-BC-DH23 2.559 
 
 
   400 PBI09C039-BC-DH27 2.597 
 
 
   401 PBI09C039-BC-DH28 2.227 
 
 
   402 PBI09C039-BC-DH29 2.169 
 
 
   403 PBI09C039-BC-DH3 2.181 
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404 PBI09C039-BC-DH30 2.423 
 
 
   405 PBI09C039-BC-DH31 2.226 
 
 
   406 PBI09C039-BC-DH32 2.559 
 
 
   407 PBI09C039-BC-DH33 2.347 
 
 
   408 PBI09C039-BC-DH34 2.625 
 
 
   409 PBI09C039-BC-DH35 2.632 
 
 
   410 PBI09C039-BC-DH36 2.14 
 
 
   411 PBI09C039-BC-DH38 2.308 
 
 
   412 PBI09C039-BC-DH39 2.157 
 
 
   413 PBI09C039-BC-DH4 2.546 
 
 
   414 PBI09C039-BC-DH41 2.942 
 
 
   415 PBI09C039-BC-DH44 2.055 
 
 
   416 PBI09C039-BC-DH49 2.284 
 
 
   417 PBI09C039-BC-DH5 2.37 
 
 
   418 PBI09C039-BC-DH50 2.122 
 
 
   419 PBI09C039-BC-DH51 2.503 
 
 
   420 PBI09C039-BC-DH56 2.018 
 
 
   421 PBI09C039-BC-DH58 2.537 
 
 
   422 PBI09C039-BC-DH59 2.403 
 
 
   423 PBI09C039-BC-DH6 2.071 
 
 
   424 PBI09C039-BC-DH62 2.649 
 
 
   425 PBI09C039-BC-DH64 2.114 
 
 
   426 PBI09C039-BC-DH65 2.667 
 
 
   427 PBI09C039-BC-DH67 2.23 
 
 
   428 PBI09C039-BC-DH7 2.69 
 
 
   429 PBI09C039-BC-DH71 2.284 
 
 
   430 PBI09C039-BC-DH72 2.543 
 
 
   431 PBI09C039-BC-DH74 2.313 
 
 
   432 PBI09C039-BC-DH75 2.424 
 
 
   433 PBI09C039-BC-DH8 2.151 
 
 
   434 PBI09C039-BC-DH80 2.409 
 
 
   435 PBI09C039-BC-DH82 2.265 
 
 
   436 PBI09C039-BC-DH84 2.068 
 
 
   437 PBI09C039-BC-DH85 2.034 
 
 
   438 PBI09C039-BC-DH90 2.188 
 
 
   439 PBI09C039-BC-DH91 2.466 
 
 
   440 PBI09C039-BC-DH92 2.812 
 
 
   441 PBI09C039-BC-DH93 2.539 
 
 
   442 PBI09C039-BC-DH94 2.417 
 
 
   443 PBI09C043-BC-DH1 2.544 
 
 
   444 PBI09C043-BC-DH13 2.266 
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445 PBI09C043-BC-DH16 2.235 
 
 
   446 PBI09C043-BC-DH18 2.097 
 
 
   447 PBI09C043-BC-DH19 2.654 
 
 
   448 PBI09C043-BC-DH2 2.215 
 
 
   449 PBI09C043-BC-DH20 2.034 
 
 
   450 PBI09C043-BC-DH23 2.45 
 
 
   451 PBI09C043-BC-DH25 2.607 
 
 
   452 PBI09C043-BC-DH27 2.5 
 
 
   453 PBI09C043-BC-DH29 2.424 
 
 
   454 PBI09C043-BC-DH30 2.234 
 
 
   455 PBI09C043-BC-DH33 2.35 
 
 
   456 PBI09C043-BC-DH34 2.18 
 
 
   457 PBI09C043-BC-DH36 2.54 
 
 
   458 PBI09C043-BC-DH37 * 
 
 
   459 PBI09C043-BC-DH38 1.7 
 
 
   460 PBI09C043-BC-DH40 1.845 
 
 
   461 PBI09C043-BC-DH41 1.838 
 
 
   462 PBI09C043-BC-DH47 2.622 
 
 
   463 PBI09C043-BC-DH49 1.76 
 
 
   464 PBI09C043-BC-DH5 2.093 
 
 
   465 PBI09C043-BC-DH50 2.351 
 
 
   466 PBI09C043-BC-DH53 2.228 
 
 
   467 PBI09C043-BC-DH54 2.588 
 
 
   468 PBI09C043-BC-DH57 3.437 
 
 
   469 PBI09C043-BC-DH6 2.614 
 
 
   470 PBI09C043-BC-DH67 2.443 
 
 
   471 PBI09C043-BC-DH8 3.031 
 
 
   472 PBI09C045-BC-DH10 2.473 
 
 
   473 PBI09C045-BC-DH3 2.242 
 
 
   474 PBI09C045-BC-DH8 2.293 
 
 
   475 PBI09C048-BC-DH23 2.135 
 
 
   476 PBI09C048-BC-DH39 2.243 
 
 
   477 PBI09C048-BC-DH40 2.698 
 
 
   478 PBI09C048-BC-DH8 2.366 
 
 
   479 PBI09C049-BC-DH2 2.317 
 
 
   480 PBI09C049-BC-DH3 2.037 
      Grand Means 2.766881 3.851743719 5.018256 4.242215 4.682535 4.155075 
 Standard error 0.3799 0.2849 0.493 0.6334 0.3583 0.2051 
 LSD (5%) (Genotype x environment) 0.9027 0.9027 0.9027 0.9027 0.9027  
 LSD (5%) (Genotype) 0.8307 0.5618 0.972 1.252 0.7827 0.4027 
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 %CV 12.32 7.4 9.8 13.44 7.66 10.07 
 
  
Table 2: Mean of thousand kernel weight trait for each environment (independent analysis) and combined analysis (E1-E5) in 5 environments       
              (2013-2015) 
   
TKW 
   
Combined 
Entry number Genotype/Designation E1 E2 E3 E4 E5 E1-E5 
1 Berkut 45.67 43.63 46.34 44.63 46.14 44.56 
2 SOKOLL 36.04 31.66 38.17 34.18 35.47 35.45 
3 2-49/CUNNINGHAM//KENNEDY 37.24 36.57 40.79 35.76 36.76 37.22 
4 T.DICOCCONP194625/AE.SQUARROSA 31.94 33.48 35.04 27.87 29.27 31.78 
5 PBW502 43 42.63 44.9 45.23 46.08 44.68 
6 PBW550 39.68 39.36 43.74 40.42 39.93 40.81 
7 DBW16 44.25 43.23 42.75 42.98 44.45 43.81 
8 DBW17 38.91 33.99 35.45 35.49 37.83 35.77 
9 Sunlin 30.47 32.75 34.99 28.76 30.5 32.3 
10 Waxwing*2/Kiritati * * * 35.92 39.36 30.58 
11 SUNTOP 35.36 34.45 37 33.72 34.96 35.51 
12 EGA-Gregory 36.11 31.03 38.99 28.79 33.83 34.15 
13 Spitfire 45.51 36.68 38.79 33.19 36.12 38.2 
14 PBI09C001-BC-DH1 37.37 32.59 37.04 31.78 34.95 34.28 
15 PBI09C001-BC-DH9 36.2 30.97 37.32 32.98 33.53 34.13 
16 PBI09C001-BC-DH33 37.37 34.06 39.36 35.55 34.35 36.1 
17 PBI09C001-BC-DH58 33.4 31.44 36.9 32.11 34.15 33.37 
18 PBI09C001-BC-DH64 37.48 37.21 37.91 34.14 35.68 35.22 
19 PBI09C001-BC-DH89 38.13 37.72 37.56 34.1 34.08 35.45 
20 PBI09C001-BC-DH98 36.35 34.76 37.08 31.65 34.51 34.08 
21 PBI09C002-BC-DH1 31.04 33.59 33.5 27.47 26.77 30.13 
22 PBI09C002-BC-DH5 35.97 34.54 39.32 35.92 33.06 35.62 
23 PBI09C002-BC-DH20 37.33 39.55 38.5 35.14 34.24 36.65 
24 PBI09C004-BC-DH23 37.72 32.17 38.13 30.87 33.03 33.41 
25 PBI09C004-BC-DH24 37.26 32.99 36.92 33.54 33.21 34.31 
26 PBI09C004-BC-DH74 35.9 33.92 37.64 34.3 33.35 34.68 
27 PBI09C004-BC-DH76 37.3 34.82 38.3 33.14 33.67 34.91 
28 PBI09C004-BC-DH78 37.09 35.13 35.6 32.41 34.51 34.82 
29 PBI09C004-BC-DH106 37.89 34.38 39.5 34.26 36.18 36.53 
30 PBI09C004-BC-DH117 37.93 38.84 37.43 32.39 33.5 36.3 
31 PBI09C004-BC-DH118 37.75 32.68 36.12 29.97 36.4 34.63 
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32 PBI09C008-BC-DH1 43.36 37.99 44.2 41.75 42.99 41.71 
33 PBI09C008-BC-DH8 44.01 40.92 44.73 41.58 41.77 42.44 
34 PBI09C008-BC-DH19 44.99 45.7 47.43 42.87 43.62 44.53 
35 PBI09C008-BC-DH20 46.05 43.77 45.72 41.01 45.75 44.47 
36 PBI09C008-BC-DH23 44.1 41.56 43.87 40.44 41.35 42.06 
37 PBI09C008-BC-DH26 43.99 44.88 45.91 41.67 43.06 44.1 
38 PBI09C008-BC-DH30 42.63 41.29 47.13 42.77 40.7 43.1 
39 PBI09C008-BC-DH31 41.9 40.29 42.58 42.3 44.13 41.16 
40 PBI09C008-BC-DH32 42.52 40.02 44.7 41.19 41.21 41.62 
41 PBI09C008-BC-DH35 45.38 43.72 48.02 41.18 43.78 45.27 
42 PBI09C008-BC-DH39 42.2 45.06 46.71 42.59 43.27 43.65 
43 PBI09C008-BC-DH40 43.47 42.72 44.66 42.78 42.7 43.01 
44 PBI09C009-BC-DH2 45.55 41.11 47.79 43 44.31 43.53 
45 PBI09C009-BC-DH16 43.49 40.25 39.6 39.88 39.6 40.61 
46 PBI09C009-BC-DH17 45.32 41.21 43.05 44.9 43.92 43.7 
47 PBI09C009-BC-DH25 43.55 43.07 51.92 43.09 43.96 44.91 
48 PBI09C009-BC-DH57 43.83 40.55 45.45 41.21 44.23 42.56 
49 PBI09C009-BC-DH71 41.77 41.62 42.66 40.26 42.38 41.36 
50 PBI09C009-BC-DH76 43.26 41.24 44.3 40.42 42.04 43.03 
51 PBI09C009-BC-DH84 43.91 37.28 44.14 41.12 42.09 42.55 
52 PBI09C009-BC-DH86 45.42 42.42 47.75 43.18 43.09 44.47 
53 PBI09C009-BC-DH89 43.11 42.57 44.49 42.59 41.98 42.51 
54 PBI09C010-BC-DH1 45.23 43.96 44.83 40.05 41.54 43.23 
55 PBI09C010-BC-DH3 44.78 42.71 45.2 42.22 43.08 44.6 
56 PBI09C010-BC-DH4 44.91 42.55 44.74 40.76 43.11 42.61 
57 PBI09C010-BC-DH7 45.86 42.62 43.65 42.53 45.16 43.42 
58 PBI09C010-BC-DH8 45.18 42.88 45 41.3 43.82 44.1 
59 PBI09C010-BC-DH9 41.18 39.73 44.76 40.38 42.89 41.87 
60 PBI09C010-BC-DH10 44.53 43.37 46.8 38.15 41.63 42.34 
61 PBI09C010-BC-DH13 45.99 41.58 44.4 43.77 44.12 44.19 
62 PBI09C010-BC-DH15 44.12 45.22 49.88 42.08 43.59 45.44 
63 PBI09C010-BC-DH18 45.6 44.44 47.88 43.8 43.79 44.57 
64 PBI09C010-BC-DH19 43.17 42.63 43.66 40.77 40.41 42.64 
65 PBI09C016-BC-DH4 46.17 43.69 46.41 43.58 42.08 44.64 
66 PBI09C018-BC-DH2 50.15 44.31 50.12 45.69 47.64 47.2 
67 PBI09C018-BC-DH5 53.46 48.65 51.43 50.2 51.1 51.01 
68 PBI09C018-BC-DH6 46.48 44.33 45.63 43.15 45.87 44.71 
69 PBI09C018-BC-DH9 50.58 49.08 50.89 48.89 49.51 50.11 
70 PBI09C018-BC-DH11 51.4 47.99 49.2 47.55 50.06 48.53 
71 PBI09C018-BC-DH20 52.58 45.93 51.15 50.93 50.37 49.67 
72 PBI09C018-BC-DH29 51.11 49.58 54.02 50.4 53.68 50.84 
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73 PBI09C021-BC-DH5 38.76 38.61 38.39 32.66 35.88 36.84 
74 PBI09C021-BC-DH7 38.28 36.61 39.41 33.48 36.39 36.89 
75 PBI09C023-BC-DH2 36.78 38.55 40.58 32.91 37.35 36.56 
76 PBI09C023-BC-DH3 39.51 34.37 40.15 32.65 35.1 36.63 
77 PBI09C026-BC-DH21 39.89 35.06 38.84 38.23 39.16 37.33 
78 PBI09C026-BC-DH31 37.35 35.53 38.91 37.38 37.84 37.22 
79 PBI09C026-BC-DH66 39.8 35.95 42.81 35.5 38.64 37.81 
80 PBI09C026-BC-DH73 39.79 35.55 39.38 37.49 36.44 38.07 
81 PBI09C026-BC-DH87 39.33 36.92 41.36 37.49 39.04 38.3 
82 PBI09C026-BC-DH91 38.83 34.44 38.84 34.48 36.4 37.34 
83 PBI09C026-BC-DH99 38.2 36.53 38.62 39.19 41.33 38.07 
84 PBI09C026-BC-DH110 39.08 35.34 39.33 38.17 38.2 37.63 
85 PBI09C026-BC-DH114 36.93 35.15 39.6 37.99 38.68 37.66 
86 PBI09C028-BC-DH2 39.05 34.82 37.38 37.75 37.71 37.11 
87 PBI09C028-BC-DH3 35.75 35.42 39.1 36.66 37.78 37.17 
88 PBI09C028-BC-DH5 39.21 34.91 37.85 38.35 39.11 36.82 
89 PBI09C028-BC-DH7 36.66 33.93 38.92 34.65 37.01 35.37 
90 PBI09C028-BC-DH10 36.93 38.07 39.96 35.86 38.76 38.26 
91 PBI09C028-BC-DH17 38.84 34.15 39.68 38.22 39.64 38.01 
92 PBI09C028-BC-DH27 37.35 37.36 39.62 36.07 37.22 37.85 
93 PBI09C028-BC-DH32 38.22 36.39 38.93 36.86 38.84 36.72 
94 PBI09C028-BC-DH37 37.02 37.49 35.86 35.97 37.18 37.31 
95 PBI09C028-BC-DH38 37.31 34.08 39.04 37.94 37.12 35.92 
96 PBI09C028-BC-DH44 38.64 35.45 37.09 37.68 37.42 36.72 
97 PBI09C028-BC-DH54 38.43 33.64 37.24 38.49 36.96 37.11 
98 PBI09C034-BC-DH9 45.43 42.59 46.43 43.48 45.63 44.68 
99 PBI09C034-BC-DH17 46.49 40.78 45.31 45.45 44.74 44.07 
100 PBI09C034-BC-DH23 45.59 42.3 46.56 45.33 46.45 44.43 
101 PBI09C034-BC-DH27 46.61 41.81 47.91 45.87 44.57 45.06 
102 PBI09C034-BC-DH29 45.53 41.1 44.08 43.33 47.04 44.51 
103 PBI09C034-BC-DH30 47.76 44.03 45.26 43.56 46.05 45.32 
104 PBI09C034-BC-DH33 47.31 42.5 48.01 45.35 46.96 45.18 
105 PBI09C034-BC-DH34 46.1 42.44 42.54 45.25 42.07 43.35 
106 PBI09C035-BC-DH2 45.43 39.86 45.43 43.67 46.75 43.81 
107 PBI09C035-BC-DH3 44.83 42.34 45.67 41.94 45.58 43.95 
108 PBI09C035-BC-DH7 47.9 45.21 42.33 46.45 49.23 46.54 
109 PBI09C035-BC-DH11 47.3 42.83 45.72 44.6 46.64 45.53 
110 PBI09C035-BC-DH13 47.45 42.06 46.76 44.65 46.06 45.92 
111 PBI09C035-BC-DH21 41.31 42.36 42.12 44.4 44.48 42.87 
112 PBI09C035-BC-DH25 45.76 41.42 46.7 45.1 44.73 44.69 
113 PBI09C035-BC-DH26 46.79 44.9 43.84 44.92 47.5 46.35 
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114 PBI09C035-BC-DH28 45.9 42.22 46.35 44.03 45.81 43.85 
115 PBI09C035-BC-DH37 42.65 42.99 46.97 45.01 46.73 44.73 
116 PBI09C035-BC-DH41 46.78 41.98 43.78 42.27 45.56 43.41 
117 PBI09C038-BC-DH7 41.52 42.5 41.23 40.8 42.53 41.9 
118 PBI09C038-BC-DH9 40.42 40.96 41.26 40.77 41.68 40.05 
119 PBI09C038-BC-DH10 42.2 40.24 40.16 40.15 40.08 39.78 
120 PBI09C038-BC-DH17 41.3 41.4 41.49 41.23 41.04 41.75 
121 PBI09C038-BC-DH21 40.81 40.88 42.74 39.45 41.54 41.22 
122 PBI09C038-BC-DH22 40.23 40.57 40.21 40.64 38.94 40.11 
123 PBI09C038-BC-DH23 40.7 40.37 44.61 40.4 40.84 40.93 
124 PBI09C039-BC-DH9 37.8 39.68 42.53 39.21 39.64 39.91 
125 PBI09C039-BC-DH26 40.22 40.21 42.44 39.64 41.42 40.39 
126 PBI09C039-BC-DH40 40.06 39.39 42.09 38.68 39.44 39.08 
127 PBI09C039-BC-DH46 40.19 35.65 41.98 37.56 39.52 39.17 
128 PBI09C039-BC-DH47 41.07 42.65 41.64 40.23 39.53 41.37 
129 PBI09C039-BC-DH63 41.82 41.42 39.64 37.25 40.43 40.55 
130 PBI09C039-BC-DH69 37.41 39.88 40.52 39.38 39.78 38.9 
131 PBI09C039-BC-DH73 40.33 39.43 40.21 39.19 40.97 40.17 
132 PBI09C039-BC-DH78 38.96 41 38.91 39.17 41.08 39.42 
133 PBI09C039-BC-DH81 39.44 39.81 39.91 38.78 40.95 39.39 
134 PBI09C039-BC-DH88 41.31 42.35 43.47 42.19 41.46 42.83 
135 PBI09C043-BC-DH3 42.88 44.3 47.4 43.3 45.02 44.5 
136 PBI09C043-BC-DH10 42.26 42.48 46.76 43.96 45.33 43.52 
137 PBI09C043-BC-DH11 44.81 42.34 45.03 43.46 46.56 43.87 
138 PBI09C043-BC-DH12 41.78 41.73 45.43 43.17 41.74 42.56 
139 PBI09C043-BC-DH14 42.93 43.17 46.49 43.5 44.06 43.72 
140 PBI09C043-BC-DH15 44.55 44.49 46.24 42.6 46.01 44.94 
141 PBI09C043-BC-DH28 42.83 41.74 45.48 40.36 45.27 43.25 
142 PBI09C043-BC-DH31 40.44 42.13 44.2 41.43 43.48 43.06 
143 PBI09C043-BC-DH48 40.94 42.74 45.21 42.03 45.1 42.95 
144 PBI09C043-BC-DH51 43.49 41.29 45.53 44.73 43.96 43.89 
145 PBI09C043-BC-DH55 42.94 44.74 46.57 42.4 45.76 44.16 
146 PBI09C045-BC-DH2 45.1 39.82 45.06 41.42 43.67 43.45 
147 PBI09C045-BC-DH4 43.95 41.69 45.48 41.24 42.93 42.21 
148 PBI09C045-BC-DH6 46.55 43.54 46.24 43.32 44.81 44.8 
149 PBI09C045-BC-DH13 43.23 42.15 42.59 42.83 45.36 42.39 
150 PBI09C045-BC-DH15 43.21 42.85 45.22 42.94 46.22 43.64 
151 PBI09C045-BC-DH17 45.11 40.78 44.92 41.32 43.73 43.18 
152 PBI09C045-BC-DH27 43.57 41.64 43.54 41.39 43.37 42.9 
153 PBI09C045-BC-DH28 42.26 41.14 43.67 40.92 43.56 41.19 
154 PBI09C045-BC-DH30 44 43.16 44.96 42.62 41.39 42.89 
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155 PBI09C045-BC-DH31 46.01 44 47.95 45.72 45.97 45.7 
156 PBI09C049-BC-DH4 41.43 34.93 39.79 36.41 39.06 37.12 
157 PBI09C051-BC-DH4 34.95 37 41 38.6 41.31 39.13 
158 PBI09C001-BC-DH8 38.61 35.45 38.47 33.79 35.04 35.69 
159 PBI09C001-BC-DH46 33.83 32.4 35.43 34.63 34.12 33.6 
160 PBI09C001-BC-DH61 33.94 33.12 36.67 32.58 34.98 33.92 
161 PBI09C001-BC-DH79 40.78 35.35 38.99 31.71 33.86 35.37 
162 PBI09C001-BC-DH80 36.03 34.22 38.06 33.61 34.54 34.41 
163 PBI09C001-BC-DH86 40.28 35.06 40.02 33.55 34.68 35.51 
164 PBI09C002-BC-DH6 36.49 36.62 37.75 32.74 31.37 34.05 
165 PBI09C002-BC-DH8 36.39 36.57 37.01 30.91 32.74 35.14 
166 PBI09C004-BC-DH1 35.76 34.45 37.1 33.9 32.91 34.3 
167 PBI09C004-BC-DH51 36.63 33.98 38.38 32.83 35.94 35.08 
168 PBI09C008-BC-DH7 41.96 39.88 43.26 38.57 43.42 41.05 
169 PBI09C008-BC-DH17 41.81 36.56 40.39 39.87 44.01 39.35 
170 PBI09C009-BC-DH1 44.4 41.22 43.49 42.42 42.82 42.28 
171 PBI09C009-BC-DH29 44.42 40.06 45.48 36.98 43.17 41.48 
172 PBI09C009-BC-DH30 42.53 42.66 45.13 40.09 39.66 41.35 
173 PBI09C009-BC-DH52 46.35 40.73 46.61 39.91 45.15 43.37 
174 PBI09C009-BC-DH56 46.42 41.29 43.82 42.74 44.53 44.9 
175 PBI09C016-BC-DH7 51.87 49.06 50.5 49.56 52.38 50.46 
176 PBI09C018-BC-DH4 53.11 48.46 48.25 49.33 49.03 49.39 
177 PBI09C018-BC-DH8 51.48 50.14 50.06 54.48 54.47 50.04 
178 PBI09C021-BC-DH4 36.4 35.94 42.86 32 35.1 36.86 
179 PBI09C021-BC-DH19 38 36.42 39.96 34.6 34.47 36.76 
180 PBI09C026-BC-DH39 39.54 36.72 39.44 35.8 37.77 37.21 
181 PBI09C026-BC-DH65 39.32 33.59 36.36 34.83 38.38 36.57 
182 PBI09C026-BC-DH71 38.75 38.42 39.04 35.67 39.06 37.85 
183 PBI09C026-BC-DH88 37.68 36.53 38.62 37.38 38.46 38.19 
184 PBI09C028-BC-DH18 40.97 35.97 39.22 38.11 36.04 36.85 
185 PBI09C034-BC-DH19 46.62 43.72 46.09 46.05 46.87 45.94 
186 PBI09C034-BC-DH21 47.88 40.43 45.11 42.48 41.87 42.71 
187 PBI09C035-BC-DH20 45.86 42.69 45.86 46.57 46.2 45.27 
188 PBI09C035-BC-DH22 44.53 39.93 43.77 41.9 45.31 42.68 
189 PBI09C038-BC-DH1 38.82 40.85 43.17 39.07 40.81 41.04 
190 PBI09C038-BC-DH4 43.62 40.99 44.78 38.97 42.61 42.84 
191 PBI09C038-BC-DH24 37.24 42.75 42.54 41.09 39.75 40.4 
192 PBI09C039-BC-DH53 37.38 44.28 46.04 44.08 44.38 42.79 
193 PBI09C039-BC-DH60 41.16 40.34 43.33 38.03 40.77 40.51 
194 PBI09C043-BC-DH22 44.84 43.56 46.57 44.21 44.63 44.77 
195 PBI09C043-BC-DH44 43.19 45.47 45.5 42.75 45.68 44.41 
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196 PBI09C045-BC-DH20 41.18 42.17 45.2 40.99 45.42 43.86 
197 PBI09C045-BC-DH21 43.54 44.92 46.03 42.43 45.8 44.71 
198 PBI09C049-BC-DH1 40.73 40.06 42.49 43.01 42.16 40.93 
199 PBI09C049-BC-DH5 38.59 41 41.5 38.43 41.45 41.48 
200 PBI09C049-BC-DH6 36.36 39.54 39.66 40.29 41.83 40.78 
201 PBI09C001-BC-DH10 36.75 
  
   202 PBI09C001-BC-DH100 37.89 
  
   203 PBI09C001-BC-DH14 36.23 
  
   204 PBI09C001-BC-DH16 39.13 
 
 
   205 PBI09C001-BC-DH17 37.18 
 
 
   206 PBI09C001-BC-DH25 35.59 
 
 
   207 PBI09C001-BC-DH26 34.4 
 
 
   208 PBI09C001-BC-DH29 36.53 
 
 
   209 PBI09C001-BC-DH30 37.24 
 
 
   210 PBI09C001-BC-DH31 35.8 
 
 
   211 PBI09C001-BC-DH38 37.98 
 
 
   212 PBI09C001-BC-DH39 38.53 
 
 
   213 PBI09C001-BC-DH44 34.77 
 
 
   214 PBI09C001-BC-DH45 37.08 
 
 
   215 PBI09C001-BC-DH47 37.13 
 
 
   216 PBI09C001-BC-DH49 37.29 
 
 
   217 PBI09C001-BC-DH51 35.83 
 
 
   218 PBI09C001-BC-DH52 37.98 
 
 
   219 PBI09C001-BC-DH54 35.8 
 
 
   220 PBI09C001-BC-DH60 36.09 
 
 
   221 PBI09C001-BC-DH67 33.97 
 
 
   222 PBI09C001-BC-DH68 38.05 
 
 
   223 PBI09C001-BC-DH69 38.1 
 
 
   224 PBI09C001-BC-DH7 38.23 
 
 
   225 PBI09C001-BC-DH71 36.92 
 
 
   226 PBI09C001-BC-DH73 35.63 
 
 
   227 PBI09C001-BC-DH74 36.7 
 
 
   228 PBI09C001-BC-DH75 37.97 
 
 
   229 PBI09C001-BC-DH76 35.54 
 
 
   230 PBI09C001-BC-DH78 34.99 
 
 
   231 PBI09C001-BC-DH82 38.97 
 
 
   232 PBI09C001-BC-DH83 36.99 
 
 
   233 PBI09C001-BC-DH84 36.49 
 
 
   234 PBI09C001-BC-DH85 35.76 
 
 
   235 PBI09C001-BC-DH88 35.91 
 
 
   236 PBI09C001-BC-DH90 36.49 
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237 PBI09C001-BC-DH99 36.3 
 
 
   238 PBI09C002-BC-DH14 36.26 
 
 
   239 PBI09C002-BC-DH21 37.78 
 
 
   240 PBI09C002-BC-DH9 36.04 
 
 
   241 PBI09C004-BC-DH101 36.22 
 
 
   242 PBI09C004-BC-DH114 33.78 
 
 
   243 PBI09C004-BC-DH119 36.41 
 
 
   244 PBI09C004-BC-DH121 36.49 
 
 
   245 PBI09C004-BC-DH124 36.47 
 
 
   246 PBI09C004-BC-DH125 38.65 
 
 
   247 PBI09C004-BC-DH2 36.6 
 
 
   248 PBI09C004-BC-DH20 34.42 
 
 
   249 PBI09C004-BC-DH29 37.09 
 
 
   250 PBI09C004-BC-DH35 36.02 
 
 
   251 PBI09C004-BC-DH37 35.38 
 
 
   252 PBI09C004-BC-DH41 35.37 
 
 
   253 PBI09C004-BC-DH46 36.2 
 
 
   254 PBI09C004-BC-DH54 37.02 
 
 
   255 PBI09C004-BC-DH66 39.27 
 
 
   256 PBI09C004-BC-DH68 39.44 
 
 
   257 PBI09C004-BC-DH71 37.65 
 
 
   258 PBI09C004-BC-DH79 37.45 
 
 
   259 PBI09C004-BC-DH8 39.93 
 
 
   260 PBI09C004-BC-DH80 33.19 
 
 
   261 PBI09C004-BC-DH81 36.03 
 
 
   262 PBI09C004-BC-DH85 37.44 
 
 
   263 PBI09C004-BC-DH91 37.87 
 
 
   264 PBI09C004-BC-DH93 37.68 
 
 
   265 PBI09C008-BC-DH12 41.88 
 
 
   266 PBI09C008-BC-DH14 43.37 
 
 
   267 PBI09C008-BC-DH18 43.53 
 
 
   268 PBI09C008-BC-DH21 43.12 
 
 
   269 PBI09C008-BC-DH22 45.29 
 
 
   270 PBI09C008-BC-DH24 42.71 
 
 
   271 PBI09C008-BC-DH25 42.23 
 
 
   272 PBI09C008-BC-DH27 43.79 
 
 
   273 PBI09C008-BC-DH28 43.66 
 
 
   274 PBI09C008-BC-DH33 41.74 
 
 
   275 PBI09C008-BC-DH34 41.59 
 
 
   276 PBI09C008-BC-DH38 39.89 
 
 
   277 PBI09C009-BC-DH10 45.69 
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278 PBI09C009-BC-DH22 43.31 
 
 
   279 PBI09C009-BC-DH24 40.12 
 
 
   280 PBI09C009-BC-DH28 42.39 
 
 
   281 PBI09C009-BC-DH3 43.78 
 
 
   282 PBI09C009-BC-DH32 46.21 
 
 
   283 PBI09C009-BC-DH33 40.74 
 
 
   284 PBI09C009-BC-DH38 42.34 
 
 
   285 PBI09C009-BC-DH39 40.68 
 
 
   286 PBI09C009-BC-DH40 41.4 
 
 
   287 PBI09C009-BC-DH42 52.99 
 
 
   288 PBI09C009-BC-DH46 45.58 
 
 
   289 PBI09C009-BC-DH5 41.64 
 
 
   290 PBI09C009-BC-DH53 44.38 
 
 
   291 PBI09C009-BC-DH54 45.59 
 
 
   292 PBI09C009-BC-DH59 41.42 
 
 
   293 PBI09C009-BC-DH6 42.27 
 
 
   294 PBI09C009-BC-DH61 45.27 
 
 
   295 PBI09C009-BC-DH69 42.54 
 
 
   296 PBI09C009-BC-DH73 45.07 
 
 
   297 PBI09C009-BC-DH79 43.35 
 
 
   298 PBI09C009-BC-DH83 45.49 
 
 
   299 PBI09C009-BC-DH91 41.36 
 
 
   300 PBI09C009-BC-DH97 45.56 
 
 
   301 PBI09C009-BC-DH98 44.01 
 
 
   302 PBI09C010-BC-DH14 42.8 
 
 
   303 PBI09C010-BC-DH16 43.11 
 
 
   304 PBI09C010-BC-DH17 45.89 
 
 
   305 PBI09C010-BC-DH2 42.11 
 
 
   306 PBI09C010-BC-DH20 38.9 
 
 
   307 PBI09C010-BC-DH5 42.07 
 
 
   308 PBI09C016-BC-DH11 * 
 
 
   309 PBI09C016-BC-DH5 47.81 
 
 
   310 PBI09C016-BC-DH6 52.44 
 
 
   311 PBI09C018-BC-DH10 49.89 
 
 
   312 PBI09C018-BC-DH12 51.92 
 
 
   313 PBI09C018-BC-DH13 51.65 
 
 
   314 PBI09C018-BC-DH15 49.99 
 
 
   315 PBI09C018-BC-DH16 53.18 
 
 
   316 PBI09C018-BC-DH17 48 
 
 
   317 PBI09C018-BC-DH18 46.5 
 
 
   318 PBI09C018-BC-DH22 53.02 
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319 PBI09C018-BC-DH24 51.44 
 
 
   320 PBI09C018-BC-DH26 48.35 
 
 
   321 PBI09C018-BC-DH7 51.4 
 
 
   322 PBI09C021-BC-DH3 36.26 
 
 
   323 PBI09C021-BC-DH6 39.83 
 
 
   324 PBI09C023-BC-DH1 40.95 
 
 
   325 PBI09C023-BC-DH4 36.37 
 
 
   326 PBI09C026-BC-DH100 39.35 
 
 
   327 PBI09C026-BC-DH102 38.72 
 
 
   328 PBI09C026-BC-DH103 39.09 
 
 
   329 PBI09C026-BC-DH105 38.95 
 
 
   330 PBI09C026-BC-DH107 39.9 
 
 
   331 PBI09C026-BC-DH108 35.32 
 
 
   332 PBI09C026-BC-DH109 37.07 
 
 
   333 PBI09C026-BC-DH111 38.36 
 
 
   334 PBI09C026-BC-DH112 38.54 
 
 
   335 PBI09C026-BC-DH113 40.21 
 
 
   336 PBI09C026-BC-DH116 36.16 
 
 
   337 PBI09C026-BC-DH117 38.9 
 
 
   338 PBI09C026-BC-DH119 38.36 
 
 
   339 PBI09C026-BC-DH120 39.36 
 
 
   340 PBI09C026-BC-DH17 37.59 
 
 
   341 PBI09C026-BC-DH18 38.28 
 
 
   342 PBI09C026-BC-DH22 35.4 
 
 
   343 PBI09C026-BC-DH23 37.34 
 
 
   344 PBI09C026-BC-DH27 37.86 
 
 
   345 PBI09C026-BC-DH28 36.61 
 
 
   346 PBI09C026-BC-DH29 36.06 
 
 
   347 PBI09C026-BC-DH34 37.78 
 
 
   348 PBI09C026-BC-DH36 37.78 
 
 
   349 PBI09C026-BC-DH40 38.83 
 
 
   350 PBI09C026-BC-DH42 41.24 
 
 
   351 PBI09C026-BC-DH46 38.43 
 
 
   352 PBI09C026-BC-DH47 37.82 
 
 
   353 PBI09C026-BC-DH54 38.8 
 
 
   354 PBI09C026-BC-DH58 39.24 
 
 
   355 PBI09C026-BC-DH60 38.05 
 
 
   356 PBI09C026-BC-DH61 38.42 
 
 
   357 PBI09C026-BC-DH62 40.09 
 
 
   358 PBI09C026-BC-DH63 39.79 
 
 
   359 PBI09C026-BC-DH64 41.69 
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360 PBI09C026-BC-DH70 38.47 
 
 
   361 PBI09C026-BC-DH76 39.89 
 
 
   362 PBI09C026-BC-DH78 38.97 
 
 
   363 PBI09C026-BC-DH80 38.34 
 
 
   364 PBI09C026-BC-DH81 37.01 
 
 
   365 PBI09C026-BC-DH82 35.15 
 
 
   366 PBI09C026-BC-DH83 38.07 
 
 
   367 PBI09C026-BC-DH84 40.39 
 
 
   368 PBI09C026-BC-DH85 38.38 
 
 
   369 PBI09C026-BC-DH86 38.22 
 
 
   370 PBI09C026-BC-DH92 38.69 
 
 
   371 PBI09C026-BC-DH94 41.21 
 
 
   372 PBI09C026-BC-DH98 40.81 
 
 
   373 PBI09C028-BC-DH11 36.91 
 
 
   374 PBI09C028-BC-DH12 38.17 
 
 
   375 PBI09C028-BC-DH26 36.98 
 
 
   376 PBI09C028-BC-DH48 39.64 
 
 
   377 PBI09C028-BC-DH49 39.69 
 
 
   378 PBI09C028-BC-DH6 36.75 
 
 
   379 PBI09C028-BC-DH8 36.87 
 
 
   380 PBI09C028-BC-DH9 37.63 
 
 
   381 PBI09C034-BC-DH13 44.27 
 
 
   382 PBI09C034-BC-DH18 45.07 
 
 
   383 PBI09C034-BC-DH28 45.9 
 
 
   384 PBI09C035-BC-DH27 41.31 
 
 
   385 PBI09C035-BC-DH32 47.38 
 
 
   386 PBI09C038-BC-DH16 40.37 
 
 
   387 PBI09C038-BC-DH19 41.84 
 
 
   388 PBI09C038-BC-DH8 35.57 
 
 
   389 PBI09C039-BC-DH1 38.54 
 
 
   390 PBI09C039-BC-DH10 38.93 
 
 
   391 PBI09C039-BC-DH11 37.62 
 
 
   392 PBI09C039-BC-DH14 38.67 
 
 
   393 PBI09C039-BC-DH16 39.07 
 
 
   394 PBI09C039-BC-DH17 38.21 
 
 
   395 PBI09C039-BC-DH18 38.31 
 
 
   396 PBI09C039-BC-DH19 41.37 
 
 
   397 PBI09C039-BC-DH20 42.46 
 
 
   398 PBI09C039-BC-DH22 39.86 
 
 
   399 PBI09C039-BC-DH23 40.28 
 
 
   400 PBI09C039-BC-DH27 40.48 
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401 PBI09C039-BC-DH28 39.17 
 
 
   402 PBI09C039-BC-DH29 39.01 
 
 
   403 PBI09C039-BC-DH3 39.18 
 
 
   404 PBI09C039-BC-DH30 36.03 
 
 
   405 PBI09C039-BC-DH31 40.55 
 
 
   406 PBI09C039-BC-DH32 37.59 
 
 
   407 PBI09C039-BC-DH33 38.97 
 
 
   408 PBI09C039-BC-DH34 39.64 
 
 
   409 PBI09C039-BC-DH35 39.4 
 
 
   410 PBI09C039-BC-DH36 37.58 
 
 
   411 PBI09C039-BC-DH38 38.75 
 
 
   412 PBI09C039-BC-DH39 39.09 
 
 
   413 PBI09C039-BC-DH4 40.63 
 
 
   414 PBI09C039-BC-DH41 40.85 
 
 
   415 PBI09C039-BC-DH44 37.92 
 
 
   416 PBI09C039-BC-DH49 41.55 
 
 
   417 PBI09C039-BC-DH5 41.66 
 
 
   418 PBI09C039-BC-DH50 40.19 
 
 
   419 PBI09C039-BC-DH51 39.44 
 
 
   420 PBI09C039-BC-DH56 38.82 
 
 
   421 PBI09C039-BC-DH58 38.17 
 
 
   422 PBI09C039-BC-DH59 41.53 
 
 
   423 PBI09C039-BC-DH6 39.36 
 
 
   424 PBI09C039-BC-DH62 39.15 
 
 
   425 PBI09C039-BC-DH64 38.54 
 
 
   426 PBI09C039-BC-DH65 37.34 
 
 
   427 PBI09C039-BC-DH67 38.41 
 
 
   428 PBI09C039-BC-DH7 42.37 
 
 
   429 PBI09C039-BC-DH71 38.24 
 
 
   430 PBI09C039-BC-DH72 39.4 
 
 
   431 PBI09C039-BC-DH74 34.78 
 
 
   432 PBI09C039-BC-DH75 37.3 
 
 
   433 PBI09C039-BC-DH8 37.6 
 
 
   434 PBI09C039-BC-DH80 40.96 
 
 
   435 PBI09C039-BC-DH82 38.62 
 
 
   436 PBI09C039-BC-DH84 40.37 
 
 
   437 PBI09C039-BC-DH85 40.03 
 
 
   438 PBI09C039-BC-DH90 40.2 
 
 
   439 PBI09C039-BC-DH91 40.09 
 
 
   440 PBI09C039-BC-DH92 37.75 
 
 
   441 PBI09C039-BC-DH93 39.27 
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442 PBI09C039-BC-DH94 40.16 
 
 
   443 PBI09C043-BC-DH1 45.43 
 
 
   444 PBI09C043-BC-DH13 44.32 
 
 
   445 PBI09C043-BC-DH16 43.01 
 
 
   446 PBI09C043-BC-DH18 41.89 
 
 
   447 PBI09C043-BC-DH19 42.61 
 
 
   448 PBI09C043-BC-DH2 42.06 
 
 
   449 PBI09C043-BC-DH20 45.54 
 
 
   450 PBI09C043-BC-DH23 43.53 
 
 
   451 PBI09C043-BC-DH25 48.48 
 
 
   452 PBI09C043-BC-DH27 45.69 
 
 
   453 PBI09C043-BC-DH29 41.95 
 
 
   454 PBI09C043-BC-DH30 44.84 
 
 
   455 PBI09C043-BC-DH33 45.33 
 
 
   456 PBI09C043-BC-DH34 45.52 
 
 
   457 PBI09C043-BC-DH36 45.11 
 
 
   458 PBI09C043-BC-DH37 * 
 
 
   459 PBI09C043-BC-DH38 45.19 
 
 
   460 PBI09C043-BC-DH40 43.18 
 
 
   461 PBI09C043-BC-DH41 45.82 
 
 
   462 PBI09C043-BC-DH47 45.28 
 
 
   463 PBI09C043-BC-DH49 43.7 
 
 
   464 PBI09C043-BC-DH5 44.04 
 
 
   465 PBI09C043-BC-DH50 42.98 
 
 
   466 PBI09C043-BC-DH53 42.28 
 
 
   467 PBI09C043-BC-DH54 42.12 
 
 
   468 PBI09C043-BC-DH57 42.27 
 
 
   469 PBI09C043-BC-DH6 43.3 
 
 
   470 PBI09C043-BC-DH67 45.09 
 
 
   471 PBI09C043-BC-DH8 43.6 
 
 
   472 PBI09C045-BC-DH10 45.8 
 
 
   473 PBI09C045-BC-DH3 44.24 
 
 
   474 PBI09C045-BC-DH8 44.57 
 
 
   475 PBI09C048-BC-DH23 40.26 
 
 
   476 PBI09C048-BC-DH39 38.6 
 
 
   477 PBI09C048-BC-DH40 39.2 
 
 
   478 PBI09C048-BC-DH8 42.79 
 
 
   479 PBI09C049-BC-DH2 40.22 
 
 
   480 PBI09C049-BC-DH3 42.09 
      Grand Means 40.87569 39.75085 42.58365 39.70375 41.10605 40.76285 
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 Standard error 1.805 2.022 2.093 2.862 2.332 1.077 
 LSD (5%) (Genotype x environment) 4.707 4.707 4.707 4.707 4.707  
 
LSD (5%) (Genotype) 5.36 3.986 4.127 5.654 4.607 2.1 
 
%CV 5.49 5.1 4.9 6.49 5.18 5.41 
 
Table 3: Mean of heading days trait for each environment (independent analysis) and combined analysis (E1 to E5) in 5 environments (2013-2015). 
   
Heading days 
   
Combined 
Entry number Genotype/Designation E1 E2 E3 E4 E5 E1-E5 
1 Berkut 102.5 113.9 116 106.2 106.4 109.5 
2 SOKOLL 103.1 114.2 115 106 107.3 109.4 
3 2-49/CUNNINGHAM//KENNEDY 106.8 114.4 115.9 107.4 109.8 110.7 
4 T.DICOCCONP194625/AE.SQUARROSA 109 119.4 121 116.2 120.6 117.1 
5 PBW502 106.1 114.1 119.3 109.7 109.8 111.7 
6 PBW550 100.9 108.2 108.6 106.4 102.3 105.6 
7 DBW16 103.4 114.3 118.1 110.1 106.6 110.4 
8 DBW17 102.1 110.9 118.9 106.4 105.8 108.9 
9 Sunlin 109.5 116.5 121 113.4 120.1 116 
10 Waxwing*2/Kiritati * * * 110.4 109.1 109.5 
11 SUNTOP 108.1 118.1 124 110.1 112.1 114.3 
12 EGA-Gregory 104.9 115.8 124.1 111.4 116.2 114.5 
13 Spitfire 104.3 111.6 115.2 107.5 106.3 108.5 
14 PBI09C001-BC-DH1 105.6 118.1 119.8 111.7 111.7 113.4 
15 PBI09C001-BC-DH9 105.1 117.9 120.9 112.1 115 114.4 
16 PBI09C001-BC-DH33 109.1 118 121.6 109.6 114 114.3 
17 PBI09C001-BC-DH58 107.9 118 120.7 113.9 115.5 115 
18 PBI09C001-BC-DH64 104.2 116.1 121 112.8 113.7 113.5 
19 PBI09C001-BC-DH89 107.1 116.1 119.8 112.3 114.9 113.9 
20 PBI09C001-BC-DH98 107.9 118.2 119.2 113 116.4 115.1 
21 PBI09C002-BC-DH1 113.2 120.4 127.5 123 122.1 120.9 
22 PBI09C002-BC-DH5 108.1 118.4 119.6 114.3 115.5 114.9 
23 PBI09C002-BC-DH20 105.9 118.1 120.9 114.6 114.4 114.6 
24 PBI09C004-BC-DH23 108 117.9 121.2 113.5 114.1 115.2 
25 PBI09C004-BC-DH24 105.5 119.5 117.1 112.9 112.5 113.7 
26 PBI09C004-BC-DH74 107.9 116.2 120.2 113.3 114 114.6 
27 PBI09C004-BC-DH76 104.9 116.1 119.1 112.5 115 113.3 
28 PBI09C004-BC-DH78 106.9 116 119.8 113.3 113.6 114.3 
29 PBI09C004-BC-DH106 104.5 114 119.6 111.8 115.5 113.7 
30 PBI09C004-BC-DH117 107.8 117.3 120.2 112.4 114.5 114.7 
31 PBI09C004-BC-DH118 106.1 116.1 121.1 111.5 114.1 113.8 
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32 PBI09C008-BC-DH1 106 115.8 120.7 110.2 109.6 112.4 
33 PBI09C008-BC-DH8 107.9 119.2 119.3 112.9 111.5 114.6 
34 PBI09C008-BC-DH19 108.3 117.1 121.1 113.3 115.6 114.8 
35 PBI09C008-BC-DH20 106.1 120.8 120.9 113.6 113.9 115.4 
36 PBI09C008-BC-DH23 108.1 117.7 120.9 114.2 116.4 115.7 
37 PBI09C008-BC-DH26 109 117.6 121.4 112.7 113.2 115 
38 PBI09C008-BC-DH30 108 118.1 121.8 113.8 113.6 114.8 
39 PBI09C008-BC-DH31 107.5 116.3 119.5 111.8 111.8 113.3 
40 PBI09C008-BC-DH32 105.9 116.1 119.7 109.3 112 113 
41 PBI09C008-BC-DH35 108 118 121.5 113.9 114 114.8 
42 PBI09C008-BC-DH39 108.7 115.9 121.1 113.8 114.3 114.8 
43 PBI09C008-BC-DH40 108.9 119.2 121.3 114.6 114.7 115.7 
44 PBI09C009-BC-DH2 107.1 117.8 120.3 109.9 111.6 113.7 
45 PBI09C009-BC-DH16 104.6 114 119.6 109.1 109.7 111.4 
46 PBI09C009-BC-DH17 107.1 114 119.2 108 111.2 111.9 
47 PBI09C009-BC-DH25 107.3 116.1 119.4 114.5 111.9 113.9 
48 PBI09C009-BC-DH57 105.9 116 121.1 112.2 113 113.6 
49 PBI09C009-BC-DH71 107.3 116.2 120.9 107.1 111.9 112.6 
50 PBI09C009-BC-DH76 105.4 118.3 118 110.1 112.4 112.8 
51 PBI09C009-BC-DH84 105.5 114.1 120.7 107.4 108.6 111.4 
52 PBI09C009-BC-DH86 106.9 114 119.5 111 111.5 112.6 
53 PBI09C009-BC-DH89 106.7 117.6 119.6 110.2 110.7 113.1 
54 PBI09C010-BC-DH1 106.8 118.2 121.1 114.2 113.2 114.6 
55 PBI09C010-BC-DH3 108.3 118.3 119.8 115.5 112.4 114.7 
56 PBI09C010-BC-DH4 108 118.1 121.5 114.4 113.4 114.8 
57 PBI09C010-BC-DH7 106.5 118.1 120.9 113.8 113.5 114.8 
58 PBI09C010-BC-DH8 107.2 118.1 121.2 112.6 115.3 114.6 
59 PBI09C010-BC-DH9 106.4 115.9 121.7 113.6 113.9 114.3 
60 PBI09C010-BC-DH10 109 119.2 121.1 113.1 116 115.7 
61 PBI09C010-BC-DH13 108.2 117.7 121 110.4 113.3 113.7 
62 PBI09C010-BC-DH15 107.3 117.8 120.8 113 112.9 114.6 
63 PBI09C010-BC-DH18 107.2 118.1 121.3 115.6 113.3 115 
64 PBI09C010-BC-DH19 109.1 119.4 124.1 115.6 112.9 115.9 
65 PBI09C016-BC-DH4 103 111.3 117.3 109.6 110.7 110.1 
66 PBI09C018-BC-DH2 97.1 108.8 114.6 105.4 107.4 106.5 
67 PBI09C018-BC-DH5 101.9 108.5 108.8 104.5 107.8 106.2 
68 PBI09C018-BC-DH6 102.9 112.3 111.2 106.6 107.2 107.6 
69 PBI09C018-BC-DH9 97.8 108.5 108.6 100.2 106.2 105 
70 PBI09C018-BC-DH11 102.8 108.3 109.1 101.8 105.6 106 
71 PBI09C018-BC-DH20 91.2 108 108.6 103.1 106.9 103.6 
72 PBI09C018-BC-DH29 103.1 108.6 109.6 107.6 108.5 106.8 
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73 PBI09C021-BC-DH5 108.1 116.8 121.3 109.8 116.4 114.7 
74 PBI09C021-BC-DH7 107 117.9 119.1 113.4 110.2 113.4 
75 PBI09C023-BC-DH2 106.7 117.8 121.6 114.7 114.1 115 
76 PBI09C023-BC-DH3 107.2 115.8 120.7 108.9 113.3 113.5 
77 PBI09C026-BC-DH21 103.5 114.1 120 107 110 110.7 
78 PBI09C026-BC-DH31 103.5 114.1 113.8 108.1 109 109.6 
79 PBI09C026-BC-DH66 104.4 114.1 115.7 109.3 112.9 111.2 
80 PBI09C026-BC-DH73 103.7 114.1 120.9 106.7 109.9 111 
81 PBI09C026-BC-DH87 103.1 114 113.8 107 108.8 109.5 
82 PBI09C026-BC-DH91 105.4 113.7 119.1 111 109.1 112.1 
83 PBI09C026-BC-DH99 104 113.9 114.2 108.4 110.3 110.4 
84 PBI09C026-BC-DH110 105.2 113.9 117.4 105.9 110.6 110.7 
85 PBI09C026-BC-DH114 103.5 113.9 116.1 107.7 109.9 110 
86 PBI09C028-BC-DH2 103.6 114 116.3 108.3 109.2 110 
87 PBI09C028-BC-DH3 101.5 113.8 116 110.3 107.2 109.6 
88 PBI09C028-BC-DH5 103.8 111.2 116.6 107.1 106.1 109.1 
89 PBI09C028-BC-DH7 104 113.8 118 107.8 111.2 111 
90 PBI09C028-BC-DH10 105.6 115.9 121.3 106.5 110.5 111.8 
91 PBI09C028-BC-DH17 103.4 114.3 120.9 107.2 109.4 111 
92 PBI09C028-BC-DH27 102.3 116.4 114 109.7 109.4 110.3 
93 PBI09C028-BC-DH32 103.7 113.9 118 107.3 111.1 110.9 
94 PBI09C028-BC-DH37 103.9 117.4 117.4 108.7 112.5 112.1 
95 PBI09C028-BC-DH38 104.6 113.7 116.1 109 109.8 110.7 
96 PBI09C028-BC-DH44 103.9 114.3 117.5 108.8 110.1 110.9 
97 PBI09C028-BC-DH54 104.1 113.9 114.1 107.9 109.2 109.7 
98 PBI09C034-BC-DH9 104.3 116.5 118.3 113.2 112 112.5 
99 PBI09C034-BC-DH17 102.7 113.9 118.5 108.9 111.6 110.8 
100 PBI09C034-BC-DH23 104.4 115.7 119.3 110 111.4 112.3 
101 PBI09C034-BC-DH27 105.7 113.4 118.2 107.6 111.5 111.3 
102 PBI09C034-BC-DH29 103.6 119.3 119.5 113.6 112.2 113.7 
103 PBI09C034-BC-DH30 104.3 114.4 124.2 107.9 108.6 111.8 
104 PBI09C034-BC-DH33 104.2 116.1 117.7 109.3 111.4 111.9 
105 PBI09C034-BC-DH34 104.1 114.3 117.9 108.1 111.1 110.9 
106 PBI09C035-BC-DH2 103.4 115.8 119.1 108.5 111.1 111.6 
107 PBI09C035-BC-DH3 103.7 113.9 118.2 110.2 111.1 111.5 
108 PBI09C035-BC-DH7 104.8 114.1 117.6 109.4 112.1 111.2 
109 PBI09C035-BC-DH11 104 111.4 119.5 108.8 110.2 110.7 
110 PBI09C035-BC-DH13 100.2 115.9 119.4 107.9 110.9 111.1 
111 PBI09C035-BC-DH21 104.9 118.2 120.5 113.3 112.4 113.8 
112 PBI09C035-BC-DH25 103.7 114.1 120.5 110.7 110.1 111.6 
113 PBI09C035-BC-DH26 102.5 114.1 119.4 109.5 113.2 111.6 
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114 PBI09C035-BC-DH28 102.3 113.8 114.2 108 109.5 109.7 
115 PBI09C035-BC-DH37 106.6 113.8 118.3 106.5 110 111.1 
116 PBI09C035-BC-DH41 101 116 118.1 109.6 111.9 111.3 
117 PBI09C038-BC-DH7 91 109 111.2 105.8 107.4 105 
118 PBI09C038-BC-DH9 102 108.2 108.8 106.7 108.2 106.8 
119 PBI09C038-BC-DH10 100.4 108.4 108.7 106.1 106.7 106.1 
120 PBI09C038-BC-DH17 101.2 108.6 109.5 107.7 110 107 
121 PBI09C038-BC-DH21 97.4 113.4 109.2 106.8 107.3 106.5 
122 PBI09C038-BC-DH22 101.5 108.7 108.9 105 107.1 106.2 
123 PBI09C038-BC-DH23 100.4 108.6 108.8 106 106.7 106.1 
124 PBI09C039-BC-DH9 90.9 108.4 109.4 105.3 106.3 104 
125 PBI09C039-BC-DH26 91.3 108.8 109.3 105.4 105.8 104.5 
126 PBI09C039-BC-DH40 98.1 107.6 109.2 108.1 106.5 105.8 
127 PBI09C039-BC-DH46 104.5 113.3 113.8 106.8 107 109.2 
128 PBI09C039-BC-DH47 98.3 108.4 109 104.3 110.5 106 
129 PBI09C039-BC-DH63 97.7 107.8 108.6 106.5 106.6 105.7 
130 PBI09C039-BC-DH69 97.7 108.2 109 103.8 107.1 105 
131 PBI09C039-BC-DH73 98.4 108.4 108.9 104.3 107.1 105.4 
132 PBI09C039-BC-DH78 101 108 109.7 101.4 106.3 105.6 
133 PBI09C039-BC-DH81 103.4 111 108.9 102.4 106.9 106.9 
134 PBI09C039-BC-DH88 104 107.8 108.7 107.4 107 106.8 
135 PBI09C043-BC-DH3 103.6 113.5 118 106.1 112.4 111 
136 PBI09C043-BC-DH10 104.9 117.8 120 115.5 112.7 114.3 
137 PBI09C043-BC-DH11 104.1 114 117.8 112.6 112.2 112 
138 PBI09C043-BC-DH12 103.4 114 119.3 107.9 112.4 112 
139 PBI09C043-BC-DH14 104.8 114.3 119.9 108.7 111.7 111.3 
140 PBI09C043-BC-DH15 104.4 114 119 109.7 110.7 111.3 
141 PBI09C043-BC-DH28 103.9 113.8 119.2 109.4 110.2 111.3 
142 PBI09C043-BC-DH31 101.5 114 118.3 108.7 112.8 111.5 
143 PBI09C043-BC-DH48 104 113.7 119 107.8 110.3 110.8 
144 PBI09C043-BC-DH51 103.7 114 120.6 109.3 111.5 112.1 
145 PBI09C043-BC-DH55 102.7 113.6 117.8 107.5 111.8 110.8 
146 PBI09C045-BC-DH2 103.7 116.2 118.9 109.6 112.2 112.2 
147 PBI09C045-BC-DH4 104.6 117.6 118.1 109.3 111 112.5 
148 PBI09C045-BC-DH6 106.4 114.2 117.7 108.7 109 111.6 
149 PBI09C045-BC-DH13 104.1 114 119.6 107 112.7 111.3 
150 PBI09C045-BC-DH15 103.3 113.9 119.6 109.2 112.1 112 
151 PBI09C045-BC-DH17 103.8 114.3 120.9 109.3 111 112.1 
152 PBI09C045-BC-DH27 104.1 115.9 119.5 109.8 112.3 112.2 
153 PBI09C045-BC-DH28 102.8 118 120 107.3 110.6 112.1 
154 PBI09C045-BC-DH30 103.9 115.7 119.3 108.2 113 111.7 
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155 PBI09C045-BC-DH31 104.4 113.3 119.2 111.4 112.4 112.3 
156 PBI09C049-BC-DH4 105 111.1 116 105.2 107.1 109.2 
157 PBI09C051-BC-DH4 102.5 115.9 119.4 107.1 110 111.3 
158 PBI09C001-BC-DH8 106.9 116 121.1 111.9 112.6 114 
159 PBI09C001-BC-DH46 109 114.2 121.2 115.9 115 114.8 
160 PBI09C001-BC-DH61 109.6 118.1 121 113.4 115.6 115.8 
161 PBI09C001-BC-DH79 108.1 114.1 118.2 113.5 115.9 114.2 
162 PBI09C001-BC-DH80 108.8 118.1 121.2 114.5 116.2 115.6 
163 PBI09C001-BC-DH86 106.5 117.7 119.8 114.3 114.2 114.9 
164 PBI09C002-BC-DH6 105.2 119.6 121 117.4 118.1 116.9 
165 PBI09C002-BC-DH8 107.2 118.1 121.3 110.9 115.4 114.8 
166 PBI09C004-BC-DH1 109.3 116 119.8 113.4 115.6 114.5 
167 PBI09C004-BC-DH51 108.8 115.8 119.8 107.6 115.7 113.1 
168 PBI09C008-BC-DH7 108.1 113.8 120.7 112.2 111 113.6 
169 PBI09C008-BC-DH17 106.7 114.1 119.2 106.6 114.4 111.9 
170 PBI09C009-BC-DH1 106.6 118 121.1 112.3 113.2 114 
171 PBI09C009-BC-DH29 108.2 118.1 121.3 114.2 114.5 115.6 
172 PBI09C009-BC-DH30 106.2 119.9 120.7 115.6 113 115.1 
173 PBI09C009-BC-DH52 107.1 117.7 120.9 115.5 114.1 114.8 
174 PBI09C009-BC-DH56 107 116 119.2 110.6 111.8 113.7 
175 PBI09C016-BC-DH7 101.8 107.5 108.9 101.4 108.1 105.8 
176 PBI09C018-BC-DH4 101.1 113.3 108.6 103.9 108.6 106.7 
177 PBI09C018-BC-DH8 102.6 107.9 108.5 102.3 106.6 106 
178 PBI09C021-BC-DH4 107.3 117.9 120.6 112.2 115.5 114.4 
179 PBI09C021-BC-DH19 107.3 119.3 120.7 118.5 115.8 116.7 
180 PBI09C026-BC-DH39 103.7 116.1 117.5 113.1 106.3 111.3 
181 PBI09C026-BC-DH65 103.8 117.4 119.5 107.6 106 111 
182 PBI09C026-BC-DH71 106.2 116.1 116.1 107.6 105.8 110.2 
183 PBI09C026-BC-DH88 103.1 114.1 117.8 108.5 112.7 110.7 
184 PBI09C028-BC-DH18 103.7 114.3 116 112.2 107.5 110.6 
185 PBI09C034-BC-DH19 104.2 115.8 117.8 111.1 110.2 112.3 
186 PBI09C034-BC-DH21 106.8 116.3 119.7 111.6 110.7 113.3 
187 PBI09C035-BC-DH20 104.2 115.8 117.7 111.8 107.9 111.5 
188 PBI09C035-BC-DH22 104.2 113.9 118.1 103.5 111.1 110.8 
189 PBI09C038-BC-DH1 98.4 108.2 109.2 105 106.3 105 
190 PBI09C038-BC-DH4 97.6 109 109.2 104 108.6 105.1 
191 PBI09C038-BC-DH24 98.1 108.5 109.3 105.9 108.6 105.9 
192 PBI09C039-BC-DH53 102.6 114 116.1 105.9 111.1 110.2 
193 PBI09C039-BC-DH60 103.2 108.1 114.9 105.7 107.2 108 
194 PBI09C043-BC-DH22 104.4 114.3 116 105.8 112.2 110.6 
195 PBI09C043-BC-DH44 107.1 111.1 119.6 105.5 111.5 111.3 
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196 PBI09C045-BC-DH20 103.1 114 119.1 108 110.1 111.1 
197 PBI09C045-BC-DH21 104.2 114 115.9 106.6 111.6 110.6 
198 PBI09C049-BC-DH1 90.7 108.3 115.2 103.4 106.2 104.8 
199 PBI09C049-BC-DH5 104.5 114.2 114.3 108.1 108.8 109.2 
200 PBI09C049-BC-DH6 104.4 113.6 120.1 105.9 107.2 110.8 
201 PBI09C001-BC-DH10 105.3 
  
  
 202 PBI09C001-BC-DH100 107.1 
  
  
 203 PBI09C001-BC-DH14 105.9 
  
  
 204 PBI09C001-BC-DH16 107.3 
 
   
 205 PBI09C001-BC-DH17 105.9 
 
   
 206 PBI09C001-BC-DH25 108.9 
 
   
 207 PBI09C001-BC-DH26 107 
 
   
 208 PBI09C001-BC-DH29 107.6 
 
   
 209 PBI09C001-BC-DH30 107.1 
 
   
 210 PBI09C001-BC-DH31 107.2 
 
   
 211 PBI09C001-BC-DH38 107.4 
 
   
 212 PBI09C001-BC-DH39 106.9 
 
   
 213 PBI09C001-BC-DH44 106.7 
 
   
 214 PBI09C001-BC-DH45 105.5 
 
   
 215 PBI09C001-BC-DH47 107.7 
 
   
 216 PBI09C001-BC-DH49 106 
 
   
 217 PBI09C001-BC-DH51 108.8 
 
   
 218 PBI09C001-BC-DH52 107.7 
 
   
 219 PBI09C001-BC-DH54 106.8 
 
   
 220 PBI09C001-BC-DH60 105.1 
 
   
 221 PBI09C001-BC-DH67 107.1 
 
   
 222 PBI09C001-BC-DH68 108.9 
 
   
 223 PBI09C001-BC-DH69 106.9 
 
   
 224 PBI09C001-BC-DH7 107.2 
 
   
 225 PBI09C001-BC-DH71 107.2 
 
   
 226 PBI09C001-BC-DH73 108.2 
 
   
 227 PBI09C001-BC-DH74 104.6 
 
   
 228 PBI09C001-BC-DH75 106.9 
 
   
 229 PBI09C001-BC-DH76 109.7 
 
   
 230 PBI09C001-BC-DH78 108.9 
 
   
 231 PBI09C001-BC-DH82 105.4 
 
   
 232 PBI09C001-BC-DH83 107.2 
 
   
 233 PBI09C001-BC-DH84 108.8 
 
   
 234 PBI09C001-BC-DH85 108.1 
 
   
 235 PBI09C001-BC-DH88 104.6 
 
   
 236 PBI09C001-BC-DH90 106.2 
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237 PBI09C001-BC-DH99 108.1 
 
   
 238 PBI09C002-BC-DH14 108.9 
 
   
 239 PBI09C002-BC-DH21 103.6 
 
   
 240 PBI09C002-BC-DH9 109.1 
 
   
 241 PBI09C004-BC-DH101 106.9 
 
   
 242 PBI09C004-BC-DH114 106.4 
 
   
 243 PBI09C004-BC-DH119 105.7 
 
   
 244 PBI09C004-BC-DH121 104.8 
 
   
 245 PBI09C004-BC-DH124 107 
 
   
 246 PBI09C004-BC-DH125 103.2 
 
   
 247 PBI09C004-BC-DH2 104.1 
 
   
 248 PBI09C004-BC-DH20 105.8 
 
   
 249 PBI09C004-BC-DH29 107.1 
 
   
 250 PBI09C004-BC-DH35 105.9 
 
   
 251 PBI09C004-BC-DH37 103.9 
 
   
 252 PBI09C004-BC-DH41 108.1 
 
   
 253 PBI09C004-BC-DH46 107.5 
 
   
 254 PBI09C004-BC-DH54 105.6 
 
   
 255 PBI09C004-BC-DH66 104.2 
 
   
 256 PBI09C004-BC-DH68 105.3 
 
   
 257 PBI09C004-BC-DH71 106.2 
 
   
 258 PBI09C004-BC-DH79 107.2 
 
   
 259 PBI09C004-BC-DH8 105.4 
 
   
 260 PBI09C004-BC-DH80 106.7 
 
   
 261 PBI09C004-BC-DH81 105.3 
 
   
 262 PBI09C004-BC-DH85 106.3 
 
   
 263 PBI09C004-BC-DH91 99.6 
 
   
 264 PBI09C004-BC-DH93 105.8 
 
   
 265 PBI09C008-BC-DH12 107.9 
 
   
 266 PBI09C008-BC-DH14 105.4 
 
   
 267 PBI09C008-BC-DH18 108.5 
 
   
 268 PBI09C008-BC-DH21 109.3 
 
   
 269 PBI09C008-BC-DH22 108.2 
 
   
 270 PBI09C008-BC-DH24 100.9 
 
   
 271 PBI09C008-BC-DH25 108.9 
 
   
 272 PBI09C008-BC-DH27 107.7 
 
   
 273 PBI09C008-BC-DH28 109.1 
 
   
 274 PBI09C008-BC-DH33 108.1 
 
   
 275 PBI09C008-BC-DH34 107.1 
 
   
 276 PBI09C008-BC-DH38 108.7 
 
   
 277 PBI09C009-BC-DH10 105.6 
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278 PBI09C009-BC-DH22 109.1 
 
   
 279 PBI09C009-BC-DH24 107.4 
 
   
 280 PBI09C009-BC-DH28 108.2 
     281 PBI09C009-BC-DH3 107.9 
     282 PBI09C009-BC-DH32 104.6 
     283 PBI09C009-BC-DH33 107.4 
     284 PBI09C009-BC-DH38 109 
     285 PBI09C009-BC-DH39 102.4 
     286 PBI09C009-BC-DH40 107.4 
     287 PBI09C009-BC-DH42 103.6 
     288 PBI09C009-BC-DH46 107.4 
     289 PBI09C009-BC-DH5 108.2 
     290 PBI09C009-BC-DH53 104.7 
     291 PBI09C009-BC-DH54 107.1 
     292 PBI09C009-BC-DH59 109.5 
     293 PBI09C009-BC-DH6 107.1 
     294 PBI09C009-BC-DH61 106.9 
     295 PBI09C009-BC-DH69 107.3 
     296 PBI09C009-BC-DH73 106.9 
     297 PBI09C009-BC-DH79 107.3 
     298 PBI09C009-BC-DH83 104.5 
     299 PBI09C009-BC-DH91 106 
     300 PBI09C009-BC-DH97 107.1 
     301 PBI09C009-BC-DH98 107 
     302 PBI09C010-BC-DH14 107 
     303 PBI09C010-BC-DH16 107.8 
     304 PBI09C010-BC-DH17 106.9 
     305 PBI09C010-BC-DH2 104.1 
     306 PBI09C010-BC-DH20 103.6 
     307 PBI09C010-BC-DH5 109.1 
     308 PBI09C016-BC-DH11 * 
     309 PBI09C016-BC-DH5 100.7 
     310 PBI09C016-BC-DH6 98.6 
     311 PBI09C018-BC-DH10 94.9 
     312 PBI09C018-BC-DH12 100.2 
     313 PBI09C018-BC-DH13 97.7 
     314 PBI09C018-BC-DH15 97.9 
     315 PBI09C018-BC-DH16 101.2 
     316 PBI09C018-BC-DH17 102.1 
     317 PBI09C018-BC-DH18 100.2 
     318 PBI09C018-BC-DH22 101.4 
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319 PBI09C018-BC-DH24 103.4 
     320 PBI09C018-BC-DH26 102.7 
     321 PBI09C018-BC-DH7 101.1 
     322 PBI09C021-BC-DH3 107 
     323 PBI09C021-BC-DH6 106.7 
     324 PBI09C023-BC-DH1 107.2 
     325 PBI09C023-BC-DH4 106.5 
     326 PBI09C026-BC-DH100 103.7 
     327 PBI09C026-BC-DH102 100.4 
     328 PBI09C026-BC-DH103 106.6 
     329 PBI09C026-BC-DH105 102.5 
     330 PBI09C026-BC-DH107 102.3 
     331 PBI09C026-BC-DH108 102.4 
     332 PBI09C026-BC-DH109 105.4 
     333 PBI09C026-BC-DH111 103.2 
     334 PBI09C026-BC-DH112 103.9 
     335 PBI09C026-BC-DH113 103.2 
     336 PBI09C026-BC-DH116 104.4 
     337 PBI09C026-BC-DH117 103.7 
     338 PBI09C026-BC-DH119 101.8 
     339 PBI09C026-BC-DH120 103.5 
     340 PBI09C026-BC-DH17 104 
     341 PBI09C026-BC-DH18 104.4 
     342 PBI09C026-BC-DH22 105.1 
     343 PBI09C026-BC-DH23 100.8 
     344 PBI09C026-BC-DH27 103.9 
     345 PBI09C026-BC-DH28 102.3 
     346 PBI09C026-BC-DH29 103.9 
     347 PBI09C026-BC-DH34 103.3 
     348 PBI09C026-BC-DH36 102.1 
     349 PBI09C026-BC-DH40 103.9 
     350 PBI09C026-BC-DH42 103.4 
     351 PBI09C026-BC-DH46 103.7 
     352 PBI09C026-BC-DH47 103.5 
     353 PBI09C026-BC-DH54 104.5 
     354 PBI09C026-BC-DH58 103.9 
     355 PBI09C026-BC-DH60 103.3 
     356 PBI09C026-BC-DH61 102.5 
     357 PBI09C026-BC-DH62 101.1 
     358 PBI09C026-BC-DH63 104 
     359 PBI09C026-BC-DH64 104.3 
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360 PBI09C026-BC-DH70 104 
     361 PBI09C026-BC-DH76 102.2 
     362 PBI09C026-BC-DH78 105.5 
     363 PBI09C026-BC-DH80 104.6 
     364 PBI09C026-BC-DH81 105.6 
     365 PBI09C026-BC-DH82 104.5 
     366 PBI09C026-BC-DH83 101.1 
     367 PBI09C026-BC-DH84 102.6 
     368 PBI09C026-BC-DH85 103.5 
     369 PBI09C026-BC-DH86 106 
     370 PBI09C026-BC-DH92 103 
     371 PBI09C026-BC-DH94 102.3 
     372 PBI09C026-BC-DH98 102.9 
     373 PBI09C028-BC-DH11 103.4 
     374 PBI09C028-BC-DH12 104 
     375 PBI09C028-BC-DH26 104.1 
     376 PBI09C028-BC-DH48 101.3 
     377 PBI09C028-BC-DH49 103.6 
     378 PBI09C028-BC-DH6 104 
     379 PBI09C028-BC-DH8 105.6 
     380 PBI09C028-BC-DH9 103.4 
     381 PBI09C034-BC-DH13 104.8 
     382 PBI09C034-BC-DH18 104.1 
     383 PBI09C034-BC-DH28 104.6 
     384 PBI09C035-BC-DH27 105.2 
     385 PBI09C035-BC-DH32 103.8 
     386 PBI09C038-BC-DH16 99 
     387 PBI09C038-BC-DH19 92.7 
     388 PBI09C038-BC-DH8 105.3 
     389 PBI09C039-BC-DH1 98 
     390 PBI09C039-BC-DH10 91.3 
     391 PBI09C039-BC-DH11 99 
     392 PBI09C039-BC-DH14 104.3 
     393 PBI09C039-BC-DH16 98.2 
     394 PBI09C039-BC-DH17 101.4 
     395 PBI09C039-BC-DH18 100.9 
     396 PBI09C039-BC-DH19 98 
     397 PBI09C039-BC-DH20 99.9 
     398 PBI09C039-BC-DH22 92 
     399 PBI09C039-BC-DH23 100.7 
     400 PBI09C039-BC-DH27 99.8 
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401 PBI09C039-BC-DH28 90.5 
     402 PBI09C039-BC-DH29 90.3 
     403 PBI09C039-BC-DH3 91.4 
     404 PBI09C039-BC-DH30 96.6 
     405 PBI09C039-BC-DH31 100.6 
     406 PBI09C039-BC-DH32 100.7 
     407 PBI09C039-BC-DH33 91.4 
     408 PBI09C039-BC-DH34 100.7 
     409 PBI09C039-BC-DH35 97.4 
     410 PBI09C039-BC-DH36 95.4 
     411 PBI09C039-BC-DH38 91.1 
     412 PBI09C039-BC-DH39 104.3 
     413 PBI09C039-BC-DH4 103.8 
     414 PBI09C039-BC-DH41 103.3 
     415 PBI09C039-BC-DH44 101.5 
     416 PBI09C039-BC-DH49 100.7 
     417 PBI09C039-BC-DH5 91.6 
     418 PBI09C039-BC-DH50 100.6 
     419 PBI09C039-BC-DH51 97.5 
     420 PBI09C039-BC-DH56 104.1 
     421 PBI09C039-BC-DH58 104.8 
     422 PBI09C039-BC-DH59 101.1 
     423 PBI09C039-BC-DH6 90.5 
     424 PBI09C039-BC-DH62 98.6 
     425 PBI09C039-BC-DH64 97.8 
     426 PBI09C039-BC-DH65 98.1 
     427 PBI09C039-BC-DH67 91.2 
     428 PBI09C039-BC-DH7 101.2 
     429 PBI09C039-BC-DH71 104.2 
     430 PBI09C039-BC-DH72 100.9 
     431 PBI09C039-BC-DH74 104 
     432 PBI09C039-BC-DH75 101.6 
     433 PBI09C039-BC-DH8 96.7 
     434 PBI09C039-BC-DH80 101 
     435 PBI09C039-BC-DH82 100.7 
     436 PBI09C039-BC-DH84 104.8 
     437 PBI09C039-BC-DH85 98 
     438 PBI09C039-BC-DH90 102 
     439 PBI09C039-BC-DH91 101.6 
     440 PBI09C039-BC-DH92 100.5 
     441 PBI09C039-BC-DH93 97.5 
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442 PBI09C039-BC-DH94 101.7 
     443 PBI09C043-BC-DH1 104 
     444 PBI09C043-BC-DH13 104 
     445 PBI09C043-BC-DH16 104 
     446 PBI09C043-BC-DH18 105.3 
     447 PBI09C043-BC-DH19 104.8 
     448 PBI09C043-BC-DH2 104.8 
     449 PBI09C043-BC-DH20 103.5 
     450 PBI09C043-BC-DH23 104.6 
     451 PBI09C043-BC-DH25 103.5 
     452 PBI09C043-BC-DH27 104.3 
     453 PBI09C043-BC-DH29 104.3 
     454 PBI09C043-BC-DH30 102.7 
     455 PBI09C043-BC-DH33 104.5 
     456 PBI09C043-BC-DH34 103.6 
     457 PBI09C043-BC-DH36 103.1 
     458 PBI09C043-BC-DH37 * 
     459 PBI09C043-BC-DH38 103.8 
     460 PBI09C043-BC-DH40 104.2 
     461 PBI09C043-BC-DH41 103.9 
     462 PBI09C043-BC-DH47 103.7 
     463 PBI09C043-BC-DH49 103.6 
     464 PBI09C043-BC-DH5 103.9 
     465 PBI09C043-BC-DH50 104.7 
     466 PBI09C043-BC-DH53 102.7 
     467 PBI09C043-BC-DH54 101.5 
     468 PBI09C043-BC-DH57 103.7 
     469 PBI09C043-BC-DH6 103.9 
     470 PBI09C043-BC-DH67 104.2 
     471 PBI09C043-BC-DH8 103.6 
     472 PBI09C045-BC-DH10 106.6 
     473 PBI09C045-BC-DH3 104.3 
     474 PBI09C045-BC-DH8 104.6 
     475 PBI09C048-BC-DH23 98.8 
     476 PBI09C048-BC-DH39 104.4 
     477 PBI09C048-BC-DH40 103.9 
     478 PBI09C048-BC-DH8 102.5 
     479 PBI09C049-BC-DH2 103.1 
     480 PBI09C049-BC-DH3 103.3 
      Grand Means 104.0143 114.6030151 117.6638 109.607 111.18 111.516 
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 Standard error  1.032 1.9602 2.274 2.661 2.228 1.038 
 LSD (5%) (Genotype x Environment) 4.539 4.539 4.539 4.539 4.539  
 LSD (5%) (Genotype) 2.025 3.865 4.483 5.257 4.402 2.025 
 %CV 1.9 1.7 1.9 2.19 1.81 1.9 
 
 
Table 4: Mean of plant height trait for each environment (independent analysis) and combined analysis (E1-E5) in 5 environment     
               (2013-2015) 
   
Plant Height (cm) 
   
Combined 
Entry number Genotype/Designation E1 E2 E3 E4 E5 E1-E5 
1 Berkut 92.74 106.17 108.26 100.5 112.8 104.67 
2 SOKOLL 95.1 94.56 102.33 105.7 110.5 102.21 
3 2-49/CUNNINGHAM//KENNEDY 90 95.74 105.54 105.4 110.2 101.56 
4 T.DICOCCONP194625/AE.SQUARROSA 80.06 92.2 95.11 88.2 98.9 91.84 
5 PBW502 85.17 96.35 97.88 105.7 107.4 98.95 
6 PBW550 82.64 84.92 89.03 90.9 102 90.95 
7 DBW16 85.34 93.6 94.23 101.7 104.8 96.73 
8 DBW17 84.84 90.49 92.98 93.3 99.2 91.75 
9 Sunlin 84.97 82.54 95.19 95.5 102.4 91.57 
10 Waxwing*2/Kiritati * * * 103.3 111 108.68 
11 SUNTOP 91.44 93.9 101.36 106.3 105.6 99.78 
12 EGA-Gregory 89.32 95.72 106.81 106.5 112.4 102.69 
13 Spitfire 99.86 87.49 94.02 93.5 100.7 94.97 
14 PBI09C001-BC-DH1 85.41 89.79 101.87 104.5 113.8 98.86 
15 PBI09C001-BC-DH9 91.57 93.99 102.79 106.7 111.6 101.84 
16 PBI09C001-BC-DH33 94.57 97.82 104.66 107.9 109.6 103.02 
17 PBI09C001-BC-DH58 94.93 100.14 106.1 102.1 107.1 102.52 
18 PBI09C001-BC-DH64 88.38 90.49 99.67 97.8 104.2 95.18 
19 PBI09C001-BC-DH89 89.33 92.84 106.14 103.8 103.6 99.55 
20 PBI09C001-BC-DH98 92.92 97.04 106.33 101 107.5 101.43 
21 PBI09C002-BC-DH1 93.99 97.32 104.05 98.7 102.3 98.53 
22 PBI09C002-BC-DH5 92.11 99.33 108.79 102.8 106.5 102.21 
23 PBI09C002-BC-DH20 95.48 96.84 102.95 109.5 112.9 103.08 
24 PBI09C004-BC-DH23 92.96 98.2 102.88 97.4 103.5 99.46 
25 PBI09C004-BC-DH24 92.71 93.75 101.85 104.4 107.1 98.92 
26 PBI09C004-BC-DH74 93.98 96.28 100.03 100.2 110.9 99.69 
27 PBI09C004-BC-DH76 92.21 93.39 100.47 100 108.1 99.17 
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28 PBI09C004-BC-DH78 90.61 95.21 105.35 106.5 111.6 102.73 
29 PBI09C004-BC-DH106 93.48 98.78 104.55 99.8 108.9 102.15 
30 PBI09C004-BC-DH117 94.75 94.25 103.02 101.7 107.6 100.46 
31 PBI09C004-BC-DH118 90.5 90.67 103.92 101.9 110.6 99.8 
32 PBI09C008-BC-DH1 93.47 88.17 100.37 107.3 107.2 98.89 
33 PBI09C008-BC-DH8 94.43 93.15 104.12 106.5 107.8 102.34 
34 PBI09C008-BC-DH19 98.63 96.47 102.6 110.1 112.6 103.71 
35 PBI09C008-BC-DH20 93.41 100.12 107.59 110.3 110.6 104.18 
36 PBI09C008-BC-DH23 96.65 99.12 106.46 110 106.7 104.09 
37 PBI09C008-BC-DH26 94.97 104.5 108.79 108.5 109.9 105.8 
38 PBI09C008-BC-DH30 94.28 95.77 107.03 111 107.6 102.97 
39 PBI09C008-BC-DH31 99.34 94.92 100.46 107.1 108.4 102.43 
40 PBI09C008-BC-DH32 94.91 95.94 100.19 110.5 111.2 103.06 
41 PBI09C008-BC-DH35 94.55 94.14 103.71 112.1 111.4 101.77 
42 PBI09C008-BC-DH39 98.67 99.46 107.14 111.4 111.6 104.94 
43 PBI09C008-BC-DH40 96.64 93.28 104.64 108.1 113.9 102.89 
44 PBI09C009-BC-DH2 94.5 97.45 101.21 105.4 108 101.02 
45 PBI09C009-BC-DH16 96.36 92.19 93.89 107.6 106.2 98.97 
46 PBI09C009-BC-DH17 94.89 93.86 100.53 107.5 111.3 101.09 
47 PBI09C009-BC-DH25 93.22 94.82 102.94 107.8 109.8 102.42 
48 PBI09C009-BC-DH57 91.65 97 100.05 104.4 112.9 100.47 
49 PBI09C009-BC-DH71 96.96 90.75 103.98 103.5 107.9 100.38 
50 PBI09C009-BC-DH76 93.46 88.39 101.45 104.6 110.3 100.27 
51 PBI09C009-BC-DH84 93.69 96.35 102.32 106.3 105.7 101.31 
52 PBI09C009-BC-DH86 95.76 96.43 102.77 105.8 108.6 103.13 
53 PBI09C009-BC-DH89 94.65 94.12 100.77 107.9 109.7 100.7 
54 PBI09C010-BC-DH1 93.12 97.17 106.3 106.2 113.5 101.9 
55 PBI09C010-BC-DH3 93.17 97.09 93.02 112.7 111.8 101.12 
56 PBI09C010-BC-DH4 94.28 99.84 110.44 106.6 110.4 104.08 
57 PBI09C010-BC-DH7 98.67 93.11 101.62 105.6 110.1 101.14 
58 PBI09C010-BC-DH8 98.38 92.35 106.73 107.3 110.7 102.6 
59 PBI09C010-BC-DH9 90.75 92.37 101.95 107.7 110.2 101.27 
60 PBI09C010-BC-DH10 93.69 94.86 111.82 110.9 113.9 105.07 
61 PBI09C010-BC-DH13 100.06 97.25 102.98 110.9 108.4 103.15 
62 PBI09C010-BC-DH15 89.46 92.09 101.53 108.6 108.6 100.51 
63 PBI09C010-BC-DH18 98.95 93.81 107.35 110.8 110.9 104.55 
64 PBI09C010-BC-DH19 94.18 96.46 108.6 107.2 109.2 103.2 
65 PBI09C016-BC-DH4 96.26 101.13 102.52 110.8 115.6 105.33 
66 PBI09C018-BC-DH2 86.69 93.47 98.99 120.3 126.6 105.08 
67 PBI09C018-BC-DH5 85.29 94.8 102.95 113.5 110.2 100.93 
68 PBI09C018-BC-DH6 94.97 105.25 97.32 112.2 116.4 105.39 
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69 PBI09C018-BC-DH9 85.52 93.51 104.2 106 111.2 101.4 
70 PBI09C018-BC-DH11 87.18 95.82 104.21 106.6 116 102.21 
71 PBI09C018-BC-DH20 83.89 92.95 102.68 105.2 110.4 98.77 
72 PBI09C018-BC-DH29 89.82 92.11 99.78 107.1 108.2 98.84 
73 PBI09C021-BC-DH5 94.25 90.1 100.49 100.4 114.7 99.41 
74 PBI09C021-BC-DH7 84.34 88.87 96.91 100 104.7 94.87 
75 PBI09C023-BC-DH2 87.21 100.32 103.13 100.1 106.5 99.65 
76 PBI09C023-BC-DH3 95.06 95.3 104.39 105.9 113.1 103.31 
77 PBI09C026-BC-DH21 96.3 91.64 102.25 104.7 106.7 99.53 
78 PBI09C026-BC-DH31 96.38 93.79 96.71 102.1 102.4 97.86 
79 PBI09C026-BC-DH66 99.21 94.61 100.56 99.5 105 99.9 
80 PBI09C026-BC-DH73 87.7 98.39 102.42 103 105 99.7 
81 PBI09C026-BC-DH87 91.01 90.7 100.49 99.1 108.4 99.22 
82 PBI09C026-BC-DH91 92.79 93.01 102.49 103.8 107.4 100.08 
83 PBI09C026-BC-DH99 92.1 95.41 105.01 103 108.5 101.37 
84 PBI09C026-BC-DH110 96.19 96.96 103.66 98.2 108.9 100.53 
85 PBI09C026-BC-DH114 94.58 93.27 101.54 103.1 103.5 98.9 
86 PBI09C028-BC-DH2 100.79 100.09 102.58 104.3 108.5 102.9 
87 PBI09C028-BC-DH3 92.88 91.05 103.07 105 106.3 100.04 
88 PBI09C028-BC-DH5 95.13 94.39 101.83 100.3 107.3 100.4 
89 PBI09C028-BC-DH7 91.58 91.99 102.01 104.4 106.3 99.06 
90 PBI09C028-BC-DH10 94.95 95.43 102.43 106.1 108.1 101.67 
91 PBI09C028-BC-DH17 96.92 92.74 102.31 103.7 108.7 99.92 
92 PBI09C028-BC-DH27 93.33 96.19 106.25 108.3 107.4 102.69 
93 PBI09C028-BC-DH32 91.32 95.49 101.99 105.5 103.9 99.56 
94 PBI09C028-BC-DH37 96.35 93.85 100.55 103.2 107.6 101.31 
95 PBI09C028-BC-DH38 95.33 89.94 102.01 105.3 107.3 100.56 
96 PBI09C028-BC-DH44 99.2 95.79 97.33 106.2 106.7 100.78 
97 PBI09C028-BC-DH54 90.61 97.53 103.6 106.7 106.3 101.06 
98 PBI09C034-BC-DH9 90.27 95.09 101.69 109 111.3 102.29 
99 PBI09C034-BC-DH17 87.72 91.45 103.18 102.8 108.8 98.86 
100 PBI09C034-BC-DH23 89.47 85.72 99.81 108.3 108.5 98.27 
101 PBI09C034-BC-DH27 87.97 90.35 100.63 104.7 104.2 97.04 
102 PBI09C034-BC-DH29 86.47 92.29 98.16 109.9 107.3 100 
103 PBI09C034-BC-DH30 87.75 90.94 99.96 104.2 110.7 99.14 
104 PBI09C034-BC-DH33 90.3 91.07 98.78 100 110 98.02 
105 PBI09C034-BC-DH34 91.04 95.71 105.34 101.4 103.3 99.7 
106 PBI09C035-BC-DH2 90.05 93.13 99.6 103.7 103.8 98.54 
107 PBI09C035-BC-DH3 94.66 90.36 100.18 104.4 103.8 98.59 
108 PBI09C035-BC-DH7 84.51 92.95 97.88 101.8 110.2 98.14 
109 PBI09C035-BC-DH11 84.91 88.96 102.97 103.1 104 96.19 
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110 PBI09C035-BC-DH13 81.6 90.63 104.29 101.5 110.8 98.54 
111 PBI09C035-BC-DH21 94 91.36 105.78 104.1 110.8 101.1 
112 PBI09C035-BC-DH25 90.17 91.9 105.08 104.8 106.1 99.35 
113 PBI09C035-BC-DH26 86.58 96.86 101.45 101.1 102.8 98.62 
114 PBI09C035-BC-DH28 83.18 90.64 99.07 100.1 106.9 95.49 
115 PBI09C035-BC-DH37 92.56 94.09 100.04 101.9 105.2 98.07 
116 PBI09C035-BC-DH41 87.89 89.82 100.22 102.9 107.1 97.06 
117 PBI09C038-BC-DH7 77.17 90.89 91.31 95.5 100.3 91.51 
118 PBI09C038-BC-DH9 79.43 91.45 89.52 95.7 99.3 90.69 
119 PBI09C038-BC-DH10 77.91 91.37 92.4 95.2 99.4 91.2 
120 PBI09C038-BC-DH17 85.18 93.51 87.31 94.5 99.8 92.45 
121 PBI09C038-BC-DH21 87.58 90.52 95.58 100.2 101.6 94.57 
122 PBI09C038-BC-DH22 79.51 86.61 92.32 95.3 98.7 90.75 
123 PBI09C038-BC-DH23 82.42 87.59 90.18 96.3 97 90.61 
124 PBI09C039-BC-DH9 82.67 82.49 91.84 99.1 97.3 91.09 
125 PBI09C039-BC-DH26 90.35 86.19 93.5 94.4 99.5 92.92 
126 PBI09C039-BC-DH40 83.11 87.48 91.78 92.1 100.6 91.28 
127 PBI09C039-BC-DH46 88.98 96.44 104.46 105.9 110 101.38 
128 PBI09C039-BC-DH47 79.67 89.58 94.47 94.7 101.5 92.59 
129 PBI09C039-BC-DH63 87.69 87.15 94.47 93.1 94.7 93.01 
130 PBI09C039-BC-DH69 82.71 92.53 90.97 96 100.4 93.4 
131 PBI09C039-BC-DH73 82.06 87.04 93.95 96.7 99.2 92.38 
132 PBI09C039-BC-DH78 77.3 86.63 91.67 94.6 98.7 90.52 
133 PBI09C039-BC-DH81 79.32 91.79 93.76 91.8 97.8 91.81 
134 PBI09C039-BC-DH88 91.26 92.63 95.21 94.3 101.7 95.21 
135 PBI09C043-BC-DH3 90.64 88.83 94.77 99 99.5 94.18 
136 PBI09C043-BC-DH10 82.97 91.09 93.02 98.2 107.1 95.57 
137 PBI09C043-BC-DH11 83.39 89.62 98.48 102.7 104.1 96.8 
138 PBI09C043-BC-DH12 85.84 90.6 99.73 99.3 105.3 96.24 
139 PBI09C043-BC-DH14 84.8 87.2 93.11 100.3 103.2 92.97 
140 PBI09C043-BC-DH15 83.6 89.29 98.72 101.7 103.1 94.94 
141 PBI09C043-BC-DH28 94.03 90.03 93.72 97.9 104.4 95.87 
142 PBI09C043-BC-DH31 87.97 88.23 97.44 98.5 97.4 94.97 
143 PBI09C043-BC-DH48 85.97 91.45 99.95 96.8 101.2 94.92 
144 PBI09C043-BC-DH51 84.72 95.58 97.41 100.7 102.9 97.61 
145 PBI09C043-BC-DH55 90.41 88.93 100.22 101.3 104.8 97.09 
146 PBI09C045-BC-DH2 91.15 89.21 100.64 100.7 105.8 97.83 
147 PBI09C045-BC-DH4 84.29 89.25 96.19 93.2 100.9 93.08 
148 PBI09C045-BC-DH6 90.28 93.37 101.36 100.4 102 98.51 
149 PBI09C045-BC-DH13 82.94 82.38 92.23 100.3 100.1 92.17 
150 PBI09C045-BC-DH15 88.6 84.56 98.44 97.3 102 94.12 
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151 PBI09C045-BC-DH17 90.69 88.05 97.17 100.6 105.2 96.73 
152 PBI09C045-BC-DH27 90.62 89.88 95.87 100.4 103.7 95.96 
153 PBI09C045-BC-DH28 84.78 89.09 96.11 92.7 102.8 92.84 
154 PBI09C045-BC-DH30 90.48 89.61 98.7 99.2 106.2 96.34 
155 PBI09C045-BC-DH31 90.86 96.64 95.88 100.6 99.6 98.83 
156 PBI09C049-BC-DH4 92.62 88.89 97.79 96.7 105 96.06 
157 PBI09C051-BC-DH4 84.68 90.21 91.69 84.7 98.6 89.86 
158 PBI09C001-BC-DH8 91.45 88.52 99.52 107.3 106.8 97.77 
159 PBI09C001-BC-DH46 92.55 98.09 104.15 102.6 104.3 100.42 
160 PBI09C001-BC-DH61 83.83 92.04 106.58 100.7 129.6 103.24 
161 PBI09C001-BC-DH79 84.9 93.74 101.42 114.1 106.2 101.03 
162 PBI09C001-BC-DH80 86.31 98.3 102.74 103.3 108.1 99.83 
163 PBI09C001-BC-DH86 93.21 95.49 101.35 102.9 109.6 100.38 
164 PBI09C002-BC-DH6 94.34 88.2 109.99 99.8 110.4 101.89 
165 PBI09C002-BC-DH8 88.17 89.75 105.77 106.9 108.2 101.27 
166 PBI09C004-BC-DH1 94.89 94.92 104.44 102 107.3 101.57 
167 PBI09C004-BC-DH51 87.38 93.16 101.92 100.8 110.1 97.81 
168 PBI09C008-BC-DH7 96.08 94.76 101.53 109.3 105.6 101.54 
169 PBI09C008-BC-DH17 88.47 91.42 94.8 106.8 110.1 96.24 
170 PBI09C009-BC-DH1 85.35 99.03 104.72 109.3 109.8 101.62 
171 PBI09C009-BC-DH29 95.79 99.18 100.6 98.7 118.8 102.52 
172 PBI09C009-BC-DH30 94.88 93.37 104.48 114.4 108.9 102.75 
173 PBI09C009-BC-DH52 91.02 93.92 103.99 107 113.1 101.77 
174 PBI09C009-BC-DH56 91.35 94.76 106.23 103.7 110.7 102.34 
175 PBI09C016-BC-DH7 95.18 89.6 98.63 105.4 114.9 99.31 
176 PBI09C018-BC-DH4 86.66 99.43 96.08 110.1 110.8 100.65 
177 PBI09C018-BC-DH8 88.64 96.59 98.4 99 106.3 97.74 
178 PBI09C021-BC-DH4 96.83 92.79 103.2 98.3 101.4 97.84 
179 PBI09C021-BC-DH19 95.36 88.41 100.79 107.1 107.8 99.43 
180 PBI09C026-BC-DH39 92.26 95.88 99.42 103.4 104.7 100.31 
181 PBI09C026-BC-DH65 99.21 91.84 102.5 104.1 109.5 100.65 
182 PBI09C026-BC-DH71 92.95 88.14 103.63 102.7 106.4 97.71 
183 PBI09C026-BC-DH88 92.96 91.43 107.4 101.8 105.7 99.81 
184 PBI09C028-BC-DH18 96.14 96.98 103.97 111.2 105.8 104.12 
185 PBI09C034-BC-DH19 92.1 92.66 101.66 104 107.1 100.33 
186 PBI09C034-BC-DH21 89.44 90.81 98.15 100.7 106.9 97.19 
187 PBI09C035-BC-DH20 98.21 88.73 98.12 104.2 101.6 98.42 
188 PBI09C035-BC-DH22 95.61 94.22 103.59 101 111 101.72 
189 PBI09C038-BC-DH1 85.31 89.54 91.52 92.1 105.9 92.65 
190 PBI09C038-BC-DH4 79.19 83.67 94.73 91 96.5 87.65 
191 PBI09C038-BC-DH24 88.57 84.64 93.99 96.9 103.1 93.54 
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192 PBI09C039-BC-DH53 78.17 89.32 97.07 95.1 104.4 93.08 
193 PBI09C039-BC-DH60 83.21 93.5 90.73 93.7 101 93.95 
194 PBI09C043-BC-DH22 89.56 90.28 95.25 100.7 99.6 94.93 
195 PBI09C043-BC-DH44 97.72 89.16 94.52 97.1 99.1 96.31 
196 PBI09C045-BC-DH20 90.22 93.43 98.8 100.3 105.4 97.16 
197 PBI09C045-BC-DH21 90.02 89.76 99.7 101.3 98.1 95.86 
198 PBI09C049-BC-DH1 79.22 86.27 94.45 99.6 95.3 90.44 
199 PBI09C049-BC-DH5 74.46 82.5 92.61 89.8 95.6 86.93 
200 PBI09C049-BC-DH6 88.24 85.85 91.05 89.2 97.5 91.39 
201 PBI09C001-BC-DH10 91.42 
  
   202 PBI09C001-BC-DH100 87.36 
  
   203 PBI09C001-BC-DH14 91.71 
  
   204 PBI09C001-BC-DH16 88.82 
     205 PBI09C001-BC-DH17 93.54 
     206 PBI09C001-BC-DH25 91.7 
     207 PBI09C001-BC-DH26 95.9 
     208 PBI09C001-BC-DH29 92.01 
     209 PBI09C001-BC-DH30 97.32 
     210 PBI09C001-BC-DH31 90.57 
     211 PBI09C001-BC-DH38 94.67 
     212 PBI09C001-BC-DH39 90.18 
     213 PBI09C001-BC-DH44 90.24 
     214 PBI09C001-BC-DH45 92.01 
     215 PBI09C001-BC-DH47 90.74 
     216 PBI09C001-BC-DH49 88.32 
     217 PBI09C001-BC-DH51 90.64 
     218 PBI09C001-BC-DH52 90.92 
     219 PBI09C001-BC-DH54 86.41 
     220 PBI09C001-BC-DH60 93.05 
     221 PBI09C001-BC-DH67 88.64 
     222 PBI09C001-BC-DH68 89.87 
     223 PBI09C001-BC-DH69 94.08 
     224 PBI09C001-BC-DH7 90.25 
     225 PBI09C001-BC-DH71 91.73 
     226 PBI09C001-BC-DH73 94.92 
     227 PBI09C001-BC-DH74 88.5 
     228 PBI09C001-BC-DH75 90.55 
     229 PBI09C001-BC-DH76 96.34 
     230 PBI09C001-BC-DH78 88.77 
     231 PBI09C001-BC-DH82 93.98 
     232 PBI09C001-BC-DH83 93.95 
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233 PBI09C001-BC-DH84 91.73 
     234 PBI09C001-BC-DH85 95.78 
     235 PBI09C001-BC-DH88 97.35 
     236 PBI09C001-BC-DH90 88.67 
     237 PBI09C001-BC-DH99 94.49 
     238 PBI09C002-BC-DH14 88.23 
     239 PBI09C002-BC-DH21 90.46 
     240 PBI09C002-BC-DH9 92.2 
     241 PBI09C004-BC-DH101 89.73 
     242 PBI09C004-BC-DH114 94.9 
     243 PBI09C004-BC-DH119 92.46 
     244 PBI09C004-BC-DH121 90.64 
     245 PBI09C004-BC-DH124 93.83 
     246 PBI09C004-BC-DH125 91.21 
     247 PBI09C004-BC-DH2 90.71 
     248 PBI09C004-BC-DH20 90.07 
     249 PBI09C004-BC-DH29 87.06 
     250 PBI09C004-BC-DH35 96.61 
     251 PBI09C004-BC-DH37 88.81 
     252 PBI09C004-BC-DH41 90.76 
     253 PBI09C004-BC-DH46 86.67 
     254 PBI09C004-BC-DH54 93.53 
     255 PBI09C004-BC-DH66 89.24 
     256 PBI09C004-BC-DH68 91.78 
     257 PBI09C004-BC-DH71 90.5 
     258 PBI09C004-BC-DH79 87.9 
     259 PBI09C004-BC-DH8 91.65 
     260 PBI09C004-BC-DH80 96.03 
     261 PBI09C004-BC-DH81 86.87 
     262 PBI09C004-BC-DH85 92.92 
     263 PBI09C004-BC-DH91 94.84 
     264 PBI09C004-BC-DH93 90.04 
     265 PBI09C008-BC-DH12 92.73 
     266 PBI09C008-BC-DH14 93.79 
     267 PBI09C008-BC-DH18 94.01 
     268 PBI09C008-BC-DH21 95.04 
     269 PBI09C008-BC-DH22 100.35 
     270 PBI09C008-BC-DH24 88.86 
     271 PBI09C008-BC-DH25 93.27 
     272 PBI09C008-BC-DH27 98.54 
     273 PBI09C008-BC-DH28 99.73 
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274 PBI09C008-BC-DH33 97.31 
     275 PBI09C008-BC-DH34 93.55 
     276 PBI09C008-BC-DH38 96.79 
     277 PBI09C009-BC-DH10 85.51 
     278 PBI09C009-BC-DH22 99.8 
     279 PBI09C009-BC-DH24 90.62 
     280 PBI09C009-BC-DH28 95.85 
     281 PBI09C009-BC-DH3 94.33 
     282 PBI09C009-BC-DH32 92.66 
     283 PBI09C009-BC-DH33 85.82 
     284 PBI09C009-BC-DH38 92.69 
     285 PBI09C009-BC-DH39 98.04 
     286 PBI09C009-BC-DH40 91.34 
     287 PBI09C009-BC-DH42 91.65 
     288 PBI09C009-BC-DH46 91.47 
     289 PBI09C009-BC-DH5 97.75 
     290 PBI09C009-BC-DH53 92.23 
     291 PBI09C009-BC-DH54 93.35 
     292 PBI09C009-BC-DH59 81.47 
     293 PBI09C009-BC-DH6 97.99 
     294 PBI09C009-BC-DH61 91.86 
     295 PBI09C009-BC-DH69 93.22 
     296 PBI09C009-BC-DH73 95.64 
     297 PBI09C009-BC-DH79 88.45 
     298 PBI09C009-BC-DH83 98.18 
     299 PBI09C009-BC-DH91 92.73 
     300 PBI09C009-BC-DH97 94.76 
     301 PBI09C009-BC-DH98 92.38 
     302 PBI09C010-BC-DH14 93.21 
     303 PBI09C010-BC-DH16 92.97 
     304 PBI09C010-BC-DH17 94.72 
     305 PBI09C010-BC-DH2 94.24 
     306 PBI09C010-BC-DH20 97.06 
     307 PBI09C010-BC-DH5 93.91 
     308 PBI09C016-BC-DH11 * 
     309 PBI09C016-BC-DH5 96.02 
     310 PBI09C016-BC-DH6 83.26 
     311 PBI09C018-BC-DH10 88.53 
     312 PBI09C018-BC-DH12 89.43 
     313 PBI09C018-BC-DH13 91.19 
     314 PBI09C018-BC-DH15 92.97 
     
 288 
 
315 PBI09C018-BC-DH16 89.64 
     316 PBI09C018-BC-DH17 90.92 
     317 PBI09C018-BC-DH18 83.4 
     318 PBI09C018-BC-DH22 83.94 
     319 PBI09C018-BC-DH24 92.54 
     320 PBI09C018-BC-DH26 91.89 
     321 PBI09C018-BC-DH7 90.25 
     322 PBI09C021-BC-DH3 84.88 
     323 PBI09C021-BC-DH6 87.57 
     324 PBI09C023-BC-DH1 89.38 
     325 PBI09C023-BC-DH4 92.15 
     326 PBI09C026-BC-DH100 95.12 
     327 PBI09C026-BC-DH102 85.27 
     328 PBI09C026-BC-DH103 89.25 
     329 PBI09C026-BC-DH105 92.59 
     330 PBI09C026-BC-DH107 93.62 
     331 PBI09C026-BC-DH108 97.78 
     332 PBI09C026-BC-DH109 94.3 
     333 PBI09C026-BC-DH111 94.81 
     334 PBI09C026-BC-DH112 95.17 
     335 PBI09C026-BC-DH113 91.37 
     336 PBI09C026-BC-DH116 91.37 
     337 PBI09C026-BC-DH117 95.79 
     338 PBI09C026-BC-DH119 83.78 
     339 PBI09C026-BC-DH120 93.21 
     340 PBI09C026-BC-DH17 86.7 
     341 PBI09C026-BC-DH18 86.84 
     342 PBI09C026-BC-DH22 91.32 
     343 PBI09C026-BC-DH23 90.06 
     344 PBI09C026-BC-DH27 97.47 
     345 PBI09C026-BC-DH28 96.22 
     346 PBI09C026-BC-DH29 100.59 
     347 PBI09C026-BC-DH34 98.93 
     348 PBI09C026-BC-DH36 93.83 
     349 PBI09C026-BC-DH40 88.49 
     350 PBI09C026-BC-DH42 95.25 
     351 PBI09C026-BC-DH46 91.86 
     352 PBI09C026-BC-DH47 94.44 
     353 PBI09C026-BC-DH54 93.19 
     354 PBI09C026-BC-DH58 89.46 
     355 PBI09C026-BC-DH60 89.21 
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356 PBI09C026-BC-DH61 92.98 
     357 PBI09C026-BC-DH62 94.32 
     358 PBI09C026-BC-DH63 93.38 
     359 PBI09C026-BC-DH64 90.52 
     360 PBI09C026-BC-DH70 90.82 
     361 PBI09C026-BC-DH76 96.72 
     362 PBI09C026-BC-DH78 92.57 
     363 PBI09C026-BC-DH80 97.62 
     364 PBI09C026-BC-DH81 93.1 
     365 PBI09C026-BC-DH82 92.05 
     366 PBI09C026-BC-DH83 92.92 
     367 PBI09C026-BC-DH84 94.18 
     368 PBI09C026-BC-DH85 89.97 
     369 PBI09C026-BC-DH86 91.86 
     370 PBI09C026-BC-DH92 92.77 
     371 PBI09C026-BC-DH94 92.35 
     372 PBI09C026-BC-DH98 94.91 
     373 PBI09C028-BC-DH11 91.11 
     374 PBI09C028-BC-DH12 96.54 
     375 PBI09C028-BC-DH26 99.96 
     376 PBI09C028-BC-DH48 84.66 
     377 PBI09C028-BC-DH49 95.75 
     378 PBI09C028-BC-DH6 94.7 
     379 PBI09C028-BC-DH8 97.47 
     380 PBI09C028-BC-DH9 89.91 
     381 PBI09C034-BC-DH13 87.84 
     382 PBI09C034-BC-DH18 91.27 
     383 PBI09C034-BC-DH28 86.62 
     384 PBI09C035-BC-DH27 86.54 
     385 PBI09C035-BC-DH32 88.45 
     386 PBI09C038-BC-DH16 85.31 
     387 PBI09C038-BC-DH19 83.58 
     388 PBI09C038-BC-DH8 91.71 
     389 PBI09C039-BC-DH1 70.93 
     390 PBI09C039-BC-DH10 78.67 
     391 PBI09C039-BC-DH11 84.93 
     392 PBI09C039-BC-DH14 72.97 
     393 PBI09C039-BC-DH16 91.02 
     394 PBI09C039-BC-DH17 92.09 
     395 PBI09C039-BC-DH18 80.14 
     396 PBI09C039-BC-DH19 77.5 
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397 PBI09C039-BC-DH20 86.63 
     398 PBI09C039-BC-DH22 77.88 
     399 PBI09C039-BC-DH23 85.08 
     400 PBI09C039-BC-DH27 87.98 
     401 PBI09C039-BC-DH28 81.84 
     402 PBI09C039-BC-DH29 85.1 
     403 PBI09C039-BC-DH3 80.77 
     404 PBI09C039-BC-DH30 92.57 
     405 PBI09C039-BC-DH31 83.44 
     406 PBI09C039-BC-DH32 86.81 
     407 PBI09C039-BC-DH33 84.41 
     408 PBI09C039-BC-DH34 84.48 
     409 PBI09C039-BC-DH35 77.92 
     410 PBI09C039-BC-DH36 78.54 
     411 PBI09C039-BC-DH38 85.42 
     412 PBI09C039-BC-DH39 79.34 
     413 PBI09C039-BC-DH4 75.98 
     414 PBI09C039-BC-DH41 95.01 
     415 PBI09C039-BC-DH44 83.06 
     416 PBI09C039-BC-DH49 83.94 
     417 PBI09C039-BC-DH5 85.74 
     418 PBI09C039-BC-DH50 92.62 
     419 PBI09C039-BC-DH51 74.22 
     420 PBI09C039-BC-DH56 78.94 
     421 PBI09C039-BC-DH58 92.32 
     422 PBI09C039-BC-DH59 76.79 
     423 PBI09C039-BC-DH6 83.81 
     424 PBI09C039-BC-DH62 81.37 
     425 PBI09C039-BC-DH64 77.21 
     426 PBI09C039-BC-DH65 81.37 
     427 PBI09C039-BC-DH67 77.77 
     428 PBI09C039-BC-DH7 86.79 
     429 PBI09C039-BC-DH71 79.42 
     430 PBI09C039-BC-DH72 81.7 
     431 PBI09C039-BC-DH74 73.76 
     432 PBI09C039-BC-DH75 82.62 
     433 PBI09C039-BC-DH8 75.78 
     434 PBI09C039-BC-DH80 80.98 
     435 PBI09C039-BC-DH82 79.25 
     436 PBI09C039-BC-DH84 78.97 
     437 PBI09C039-BC-DH85 84.98 
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438 PBI09C039-BC-DH90 82.85 
     439 PBI09C039-BC-DH91 84.09 
     440 PBI09C039-BC-DH92 95.48 
     441 PBI09C039-BC-DH93 82.25 
     442 PBI09C039-BC-DH94 80.8 
     443 PBI09C043-BC-DH1 89.29 
     444 PBI09C043-BC-DH13 81.74 
     445 PBI09C043-BC-DH16 88.94 
     446 PBI09C043-BC-DH18 86.17 
     447 PBI09C043-BC-DH19 86.93 
     448 PBI09C043-BC-DH2 86.07 
     449 PBI09C043-BC-DH20 88.48 
     450 PBI09C043-BC-DH23 90.37 
     451 PBI09C043-BC-DH25 90.73 
     452 PBI09C043-BC-DH27 88.04 
     453 PBI09C043-BC-DH29 85.17 
     454 PBI09C043-BC-DH30 81.54 
     455 PBI09C043-BC-DH33 95.45 
     456 PBI09C043-BC-DH34 87.05 
     457 PBI09C043-BC-DH36 85.21 
     458 PBI09C043-BC-DH37 * 
     459 PBI09C043-BC-DH38 84.96 
     460 PBI09C043-BC-DH40 86.08 
     461 PBI09C043-BC-DH41 83.59 
     462 PBI09C043-BC-DH47 91.25 
     463 PBI09C043-BC-DH49 87.28 
     464 PBI09C043-BC-DH5 87.23 
     465 PBI09C043-BC-DH50 87.2 
     466 PBI09C043-BC-DH53 87.76 
     467 PBI09C043-BC-DH54 87.9 
     468 PBI09C043-BC-DH57 83.22 
     469 PBI09C043-BC-DH6 81.78 
     470 PBI09C043-BC-DH67 85.04 
     471 PBI09C043-BC-DH8 90.25 
     472 PBI09C045-BC-DH10 88.28 
     473 PBI09C045-BC-DH3 84.9 
     474 PBI09C045-BC-DH8 76.48 
     475 PBI09C048-BC-DH23 72.64 
     476 PBI09C048-BC-DH39 71.85 
     477 PBI09C048-BC-DH40 76.72 
     478 PBI09C048-BC-DH8 70.19 
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479 PBI09C049-BC-DH2 76.8 
     480 PBI09C049-BC-DH3 77.21 
      Grand Means 89.698 92.81296 100.2704 102.6135 106.6155 98.698 
 Standard error 4.625 4.561 4.28 5.43 4.149 2.097 
 LSD (5%) (Genotype x Environment) 10.86 10.86 10.86 10.86 10.86  
 LSD (5%) (Genotype) 9.576 8.993 8.44 10.73 8.197 4.117 
 %CV 4.41 4.9 4.3 4.76 3.52 4.39 
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Table 5: Mean of  WUE [(kg/ha)/mm] of 200 genotypes (independent and combined 
analysis of evaluated genotypes in 2014-2015 (E2-E5). 
Entry      
WUE 
(kg/ha)/mm)     
Combined 
number Genotype/Designation E2 E3 E4 E5 (E2-E5) 
1 BERKUT 20.96 17.31 21.18 22.18 20.23 
2 SOKOLL 17.92 19.35 18.92 16.71 18.33 
3 2-49/CUNNINGHAM//KENNEDY 16.82 18.11 15.47 16.31 17.45 
4 T.DICOCCONP194625/AE.SQUARROSA 15.41 15.54 20.16 16.21 17.66 
5 PBW502 19.81 19.61 19.41 20.63 20.15 
6 PBW550 19.22 19.32 20.84 15.35 19.96 
7 DBW16 19.71 19.92 20.91 16.62 19.49 
8 DBW17 20.33 17.3 19.68 15.73 18.4 
9 Sunlin 15.06 16.78 23.83 17.45 18.76 
10 Waxwing*2/Kiritati * * 20.98 16.73 20.02 
11 SUNTOP 20.5 19.09 23.44 20.3 21.16 
12 EGA-Gregory 18.2 19.29 19.75 18.62 19.7 
13 Spitfire 18.06 18.72 18.97 19.9 19.36 
14 PBI09C001-BC-DH1 21.11 19.1 18.7 16.53 19.17 
15 PBI09C001-BC-DH9 18.9 19.6 17.61 15.22 17.98 
16 PBI09C001-BC-DH33 21.6 18.5 21.79 18.69 20.4 
17 PBI09C001-BC-DH58 20.33 19.79 17.93 14.16 18.22 
18 PBI09C001-BC-DH64 20.38 19.07 18.43 14.05 18.53 
19 PBI09C001-BC-DH89 20.98 19.82 18.3 14.91 19.27 
20 PBI09C001-BC-DH98 19.95 18.7 18.59 16.59 18.94 
21 PBI09C002-BC-DH1 19.4 18.05 17.12 12.41 16.61 
22 PBI09C002-BC-DH5 20.05 18.58 17.94 14.48 17.89 
23 PBI09C002-BC-DH20 20.49 18.82 18.38 16.33 19 
24 PBI09C004-BC-DH23 19.92 21.27 17.65 14.74 18.67 
25 PBI09C004-BC-DH24 21.33 20.45 18.92 17.78 19.42 
26 PBI09C004-BC-DH74 20.25 18.35 20.26 13.96 18.94 
27 PBI09C004-BC-DH76 19.91 20.05 18.26 15.77 19.71 
28 PBI09C004-BC-DH78 18.26 18.08 21.57 15.89 18.37 
29 PBI09C004-BC-DH106 20.34 19.89 18.69 14.95 19.58 
30 PBI09C004-BC-DH117 20.26 19.24 17.59 15.79 18.91 
31 PBI09C004-BC-DH118 19.48 19.06 19.29 16.6 19.92 
32 PBI09C008-BC-DH1 18.52 17.07 21.38 17.8 19.25 
33 PBI09C008-BC-DH8 19.69 19.29 19.4 15.86 20.51 
34 PBI09C008-BC-DH19 19.36 16.78 21.16 15.33 18.39 
35 PBI09C008-BC-DH20 20.04 18.12 18.93 15.66 18.98 
36 PBI09C008-BC-DH23 18.46 18.12 19.61 14.72 18.13 
37 PBI09C008-BC-DH26 20.12 18.51 19.91 15.65 18.95 
38 PBI09C008-BC-DH30 18.22 17.6 22.2 14.74 18.03 
39 PBI09C008-BC-DH31 17.95 18.96 22.88 19.29 19.7 
40 PBI09C008-BC-DH32 19.11 19.04 21.12 16.73 19.86 
41 PBI09C008-BC-DH35 18.63 17.13 18.98 16.25 19.21 
42 PBI09C008-BC-DH39 19.79 18.09 21 15.69 18.37 
43 PBI09C008-BC-DH40 17.39 18.46 20.24 17.61 18.83 
44 PBI09C009-BC-DH2 19.01 18.76 21.04 16.98 18.86 
45 PBI09C009-BC-DH16 18.41 18.69 20.14 17.88 18.3 
46 PBI09C009-BC-DH17 17.48 17.6 20.64 15.69 18.11 
47 PBI09C009-BC-DH25 19.46 19.16 21.74 15.28 19.85 
48 PBI09C009-BC-DH57 19.08 19.75 20.68 16.31 19.23 
49 PBI09C009-BC-DH71 19.3 18.9 18.23 16.53 18.61 
50 PBI09C009-BC-DH76 18.56 19.87 20.62 17.39 20.37 
51 PBI09C009-BC-DH84 18.51 18.97 23.03 17.76 20.15 
52 PBI09C009-BC-DH86 18.89 19.88 21.31 17.69 20.02 
53 PBI09C009-BC-DH89 18.8 19.84 21.19 17.98 19.64 
54 PBI09C010-BC-DH1 19.01 17.98 19.43 16.52 18.17 
55 PBI09C010-BC-DH3 17.69 18.88 21.41 17.03 19.31 
56 PBI09C010-BC-DH4 18.97 17.64 19.77 15.38 17.5 
57 PBI09C010-BC-DH7 17.65 17.46 19.95 14.87 17.84 
58 PBI09C010-BC-DH8 17.66 17.94 18.61 16.57 18.55 
59 PBI09C010-BC-DH9 18.64 18.17 21.28 15.43 19.23 
60 PBI09C010-BC-DH10 18.67 19.64 19.19 15.3 18.43 
61 PBI09C010-BC-DH13 17.21 18.11 19.44 16.51 18.98 
62 PBI09C010-BC-DH15 19.87 15.79 18.52 17.08 18.65 
63 PBI09C010-BC-DH18 17.42 18.2 20.53 14.83 18.65 
64 PBI09C010-BC-DH19 19.88 17.64 19.8 14.1 18.45 
65 PBI09C016-BC-DH4 15.77 15.72 17.75 14.2 16.81 
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66 PBI09C018-BC-DH2 11.25 11.95 15.29 11.36 13.65 
67 PBI09C018-BC-DH5 13.99 16.62 20.16 12.06 15.91 
68 PBI09C018-BC-DH6 15.95 15.27 16.84 15.34 16.61 
69 PBI09C018-BC-DH9 15.3 15.98 17.9 15.89 16.77 
70 PBI09C018-BC-DH11 14.71 16.44 18.28 15.01 16.37 
71 PBI09C018-BC-DH20 14.47 15.7 18.87 15.06 16.56 
72 PBI09C018-BC-DH29 12.41 15.23 18.16 15.18 15.27 
73 PBI09C021-BC-DH5 16.74 17.5 16.7 16.15 17.03 
74 PBI09C021-BC-DH7 17.36 16.65 18.58 16.22 16.69 
75 PBI09C023-BC-DH2 17.86 16.6 17.39 14.39 17.33 
76 PBI09C023-BC-DH3 18.4 18.09 15.27 15.59 18.4 
77 PBI09C026-BC-DH21 19.36 19.49 20.43 16.42 19.2 
78 PBI09C026-BC-DH31 18.9 17.79 18.3 14.36 17.72 
79 PBI09C026-BC-DH66 19.24 19.26 17.74 16.16 18.25 
80 PBI09C026-BC-DH73 18.83 18.44 19.12 15.76 18.38 
81 PBI09C026-BC-DH87 18.58 18.84 20.14 16.04 19.46 
82 PBI09C026-BC-DH91 17.47 18.4 17.11 14.88 18.68 
83 PBI09C026-BC-DH99 18.57 18.88 21.5 17.98 20.03 
84 PBI09C026-BC-DH110 19.15 18.13 19.19 15.2 19.14 
85 PBI09C026-BC-DH114 18.89 19.63 20.54 16.31 19.96 
86 PBI09C028-BC-DH2 16.8 17.96 19.24 15.79 17.66 
87 PBI09C028-BC-DH3 17.63 18.09 20.45 15.25 19.01 
88 PBI09C028-BC-DH5 20.01 18.2 20.16 16.59 19.4 
89 PBI09C028-BC-DH7 18.77 18.6 18.72 16.78 18.58 
90 PBI09C028-BC-DH10 20.01 17.75 20.07 15.55 19.44 
91 PBI09C028-BC-DH17 19.29 17.12 17.92 15.87 18.22 
92 PBI09C028-BC-DH27 21.3 17.95 19.65 15.59 20.13 
93 PBI09C028-BC-DH32 19.53 18.49 18.54 15.11 18.08 
94 PBI09C028-BC-DH37 18.77 18.84 18.88 16.19 19.44 
95 PBI09C028-BC-DH38 18.82 18.93 21.08 15.14 18.73 
96 PBI09C028-BC-DH44 19.01 16.55 19.01 12.45 17.56 
97 PBI09C028-BC-DH54 19.08 16.95 17.74 15.66 18.19 
98 PBI09C034-BC-DH9 20.48 19.93 22.11 18.67 21.05 
99 PBI09C034-BC-DH17 20.28 21.17 19.8 17.06 20.27 
100 PBI09C034-BC-DH23 19.45 21.03 20.75 16.15 20.4 
101 PBI09C034-BC-DH27 19.73 19.72 20.95 17.04 19.47 
102 PBI09C034-BC-DH29 20.08 19.12 19.99 15.53 18.86 
103 PBI09C034-BC-DH30 18.13 20.03 20.22 16.19 20.12 
104 PBI09C034-BC-DH33 21.47 20.48 21.87 16.05 20.36 
105 PBI09C034-BC-DH34 21.08 18.72 18.97 16.86 19.07 
106 PBI09C035-BC-DH2 19.72 19.71 18.4 19.68 20.09 
107 PBI09C035-BC-DH3 19.68 19.98 18.65 16.98 19.38 
108 PBI09C035-BC-DH7 18.45 17.83 20.69 17.05 18.5 
109 PBI09C035-BC-DH11 17.92 21.51 20.28 13.95 19.66 
110 PBI09C035-BC-DH13 18.7 19.74 19.48 17.58 18.9 
111 PBI09C035-BC-DH21 19.86 19.39 18.36 15.38 19.16 
112 PBI09C035-BC-DH25 20.98 19.92 20.92 18.54 20.75 
113 PBI09C035-BC-DH26 20.72 20.07 19.57 16.82 19.73 
114 PBI09C035-BC-DH28 18.63 21.02 18.41 16.72 19.71 
115 PBI09C035-BC-DH37 19.76 20.81 21.46 18.62 20.75 
116 PBI09C035-BC-DH41 19.58 19.69 19.71 17.07 18.76 
117 PBI09C038-BC-DH7 19.55 18.84 23.17 15.13 20.02 
118 PBI09C038-BC-DH9 20.09 19.02 19.91 14.7 18.37 
119 PBI09C038-BC-DH10 19.83 18.62 20.79 18.94 19.19 
120 PBI09C038-BC-DH17 20.47 19.86 20.43 18.76 19.42 
121 PBI09C038-BC-DH21 18.38 20.23 19.25 16.78 19.54 
122 PBI09C038-BC-DH22 17.96 18.33 20.79 19.47 19.39 
123 PBI09C038-BC-DH23 19.99 21.42 21.22 17.91 20.92 
124 PBI09C039-BC-DH9 19.32 18.23 20.51 17.21 19.73 
125 PBI09C039-BC-DH26 18.75 18.25 20.5 14.95 18.48 
126 PBI09C039-BC-DH40 18.56 17.82 19.66 17.42 18.85 
127 PBI09C039-BC-DH46 20.55 18.83 18.29 16.78 20.12 
128 PBI09C039-BC-DH47 19.72 19.39 22.58 15.75 19.94 
129 PBI09C039-BC-DH63 20.35 19.58 22.8 16.68 20.19 
130 PBI09C039-BC-DH69 20.4 18.63 21.02 17.56 19.58 
131 PBI09C039-BC-DH73 19.43 19.18 20.53 18.63 19.85 
132 PBI09C039-BC-DH78 19.01 18.91 19.77 16.74 18.88 
133 PBI09C039-BC-DH81 20.22 18.84 19.69 18 19.76 
134 PBI09C039-BC-DH88 19.76 19.82 21.49 17.27 20.57 
135 PBI09C043-BC-DH3 19.87 18.33 19.56 15.99 18.95 
136 PBI09C043-BC-DH10 17.97 18.19 20.45 15.9 19.19 
137 PBI09C043-BC-DH11 19.31 19.49 21.12 17.17 19.52 
138 PBI09C043-BC-DH12 19.8 18.63 17.83 16.4 19.51 
139 PBI09C043-BC-DH14 20.13 18.45 20.93 17.49 19.19 
140 PBI09C043-BC-DH15 19.99 18.14 19.97 16.54 19.87 
141 PBI09C043-BC-DH28 19.32 18.16 16.93 16 18 
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142 PBI09C043-BC-DH31 19.36 19.22 18.6 14.95 19.65 
143 PBI09C043-BC-DH48 19.69 19.37 20.71 16.81 19.24 
144 PBI09C043-BC-DH51 19.11 19.34 20.2 18.96 20.52 
145 PBI09C043-BC-DH55 19.93 18.09 19.61 17.31 19.41 
146 PBI09C045-BC-DH2 20.92 18.47 19.36 16.97 20.14 
147 PBI09C045-BC-DH4 20.13 19.68 18.19 15.86 19.96 
148 PBI09C045-BC-DH6 20.36 19.16 19.68 13.49 19.94 
149 PBI09C045-BC-DH13 18.91 18.49 18.72 17.16 18.55 
150 PBI09C045-BC-DH15 17.86 20.3 18.33 17.56 19.37 
151 PBI09C045-BC-DH17 18.95 19.16 19.84 18.89 19.83 
152 PBI09C045-BC-DH27 18.96 20.04 20.37 15.61 18.99 
153 PBI09C045-BC-DH28 18.29 20.05 18.95 17.24 18.55 
154 PBI09C045-BC-DH30 19.13 19.27 20.58 17 19.46 
155 PBI09C045-BC-DH31 20.56 18.83 21.34 15.22 20.56 
156 PBI09C049-BC-DH4 18.61 18.9 19.13 14.97 19.4 
157 PBI09C051-BC-DH4 18.91 19.5 19.19 14.83 18.44 
158 PBI09C001-BC-DH8 19.71 19.57 20.72 15.75 19.35 
159 PBI09C001-BC-DH46 20.38 19.01 18.23 13.59 18.45 
160 PBI09C001-BC-DH61 15.86 17.66 16.92 14.2 16.73 
161 PBI09C001-BC-DH79 17.33 18.16 18.58 15.52 18.94 
162 PBI09C001-BC-DH80 19.44 19.03 21.33 15.37 19.08 
163 PBI09C001-BC-DH86 18.89 19.73 15.97 16.38 18.56 
164 PBI09C002-BC-DH6 18.4 18.66 17.65 12.15 17.21 
165 PBI09C002-BC-DH8 19.77 18.94 16.06 15.86 19.18 
166 PBI09C004-BC-DH1 19.51 18.99 23.02 14.26 18.45 
167 PBI09C004-BC-DH51 20.42 20.29 16.29 16.66 18.48 
168 PBI09C008-BC-DH7 18.1 18.81 23.5 14.35 19.72 
169 PBI09C008-BC-DH17 18.87 17.49 19.59 18.82 17.74 
170 PBI09C009-BC-DH1 18.03 16.47 20.13 13.22 16.45 
171 PBI09C009-BC-DH29 19.93 17.92 19.16 17.98 19.67 
172 PBI09C009-BC-DH30 18.86 18.85 20.16 17.16 19.52 
173 PBI09C009-BC-DH52 19.5 19.76 20.62 18.06 20.43 
174 PBI09C009-BC-DH56 20.47 18.62 19.81 20.16 20.87 
175 PBI09C016-BC-DH7 14.59 15 20.02 13.28 16.35 
176 PBI09C018-BC-DH4 14.47 16 18.7 13.55 16.25 
177 PBI09C018-BC-DH8 14.65 14.78 17.98 16.67 15.16 
178 PBI09C021-BC-DH4 17.76 17.22 15.8 14.91 17.48 
179 PBI09C021-BC-DH19 17.39 17.16 14.69 14.94 17.26 
180 PBI09C026-BC-DH39 18.88 17.77 20.14 14.39 19.46 
181 PBI09C026-BC-DH65 18.11 17.72 18.43 16.1 16.46 
182 PBI09C026-BC-DH71 20.11 20.14 17.1 16.79 19.89 
183 PBI09C026-BC-DH88 20.48 19.04 19.95 12.38 18.22 
184 PBI09C028-BC-DH18 18.64 18.02 18.2 13.66 19.02 
185 PBI09C034-BC-DH19 18.72 18.89 22.95 16.03 20.11 
186 PBI09C034-BC-DH21 20.09 21.49 20.7 17.89 19.7 
187 PBI09C035-BC-DH20 19.71 20.41 20.97 16.63 19.97 
188 PBI09C035-BC-DH22 19.39 21.19 18.18 15.4 18.34 
189 PBI09C038-BC-DH1 17.97 18.5 19.91 18.98 19.95 
190 PBI09C038-BC-DH4 19.97 19.45 17.74 16.74 19.33 
191 PBI09C038-BC-DH24 19.29 18.98 20.63 18.03 19.42 
192 PBI09C039-BC-DH53 20.43 18.42 18.83 17.56 19.35 
193 PBI09C039-BC-DH60 20.33 19.51 16.04 18.57 19.47 
194 PBI09C043-BC-DH22 20.15 18.76 21.15 17.83 19.99 
195 PBI09C043-BC-DH44 20.68 19.62 18.12 18.81 20.57 
196 PBI09C045-BC-DH20 20.09 19.13 16.67 17.46 19.27 
197 PBI09C045-BC-DH21 19.7 18.01 20.92 15.77 19.7 
198 PBI09C049-BC-DH1 17.84 18.59 18.86 18.98 18.34 
199 PBI09C049-BC-DH5 19.7 19.95 15.27 11.98 17.85 
200 PBI09C049-BC-DH6 20.09 18.65 18.93 16.92 20.37 
 
Grand Means 18.9469 18.6439 19.5392 16.2712 18.9405 
 
Standard error 1.3989 1.831 2.768 1.306 1.036 
 
LSD (5%) (Genotype x Environment) 3.773 3.773 3.773 3.773 
 
 
LSD (5%) (Genotype) 2.7581 3.61 5.47 2.58 2.034 
  %CV 7.4 9.8 13.44 7.66 10.35 
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Table 6: Mean of canopy temperature (°C) of independent analysis (E1, booting, heading and early grain filling stages; E2 and E3, heading stage)    
               and combined analysis (E1,E2 and E3).  
 
   
CT (°C) 
   
Combined 
   
E1 (stage) 
 
E2 E3 (E1,E2 &E3) 
Entry 
number 
Genotype/Designation 
Booting  Heading Early GF Heading Heading (CT Heading) 
1 Berkut 13.27 22.24 30.42 18.52 16.03 18.42 
2 SOKOLL 13.67 21.87 29.74 18.39 16.63 18.92 
3 2-49/CUNNINGHAM//KENNEDY 13.74 21.51 29.73 18.49 16.41 18.83 
4 T.DICOCCONP194625/AE.SQUARROSA 14.07 22.1 30.39 18.36 17.52 19.08 
5 PBW502 13.8 22.04 30.88 20.65 16.84 20.23 
6 PBW550 13.13 22.28 31.19 19.29 17.41 19.82 
7 DBW16 13.58 21.58 30.49 18.82 16.61 19.5 
8 DBW17 14.12 22.14 30.18 19.16 16.81 18.72 
9 Sunlin 13.92 21.63 30.49 17.37 16.79 18.42 
10 Waxwing*2/Kiritati * * * * * * 
11 SUNTOP 13.34 21.31 29.58 18.89 16.81 19.43 
12 EGA-Gregory 14.02 21.54 29.46 17.77 15.16 18.43 
13 Spitfire 13.34 22.02 28.77 19.24 17.73 19.42 
14 PBI09C001-BC-DH1 14.45 21.74 29.64 19.65 16.34 18.95 
15 PBI09C001-BC-DH9 13.43 22.37 29.83 18.87 17.78 20.65 
16 PBI09C001-BC-DH33 14.52 21.51 29.85 18.68 16.5 18.25 
17 PBI09C001-BC-DH58 13.86 22.42 29.88 17.98 17.25 18.97 
18 PBI09C001-BC-DH64 13.24 22.23 30.22 19.97 16.31 18.24 
19 PBI09C001-BC-DH89 13.96 22 29.57 19.91 16.09 18.65 
20 PBI09C001-BC-DH98 13.99 20.94 29.84 19.24 17.45 18.98 
21 PBI09C002-BC-DH1 13.64 21.54 29.97 19.41 16.81 18.55 
22 PBI09C002-BC-DH5 13.93 21.49 30.17 18.48 17.07 19.02 
23 PBI09C002-BC-DH20 13.29 22.52 30.18 18.52 17.08 19.03 
24 PBI09C004-BC-DH23 13.3 21.7 30.3 19.69 16.51 19.13 
25 PBI09C004-BC-DH24 13.44 21.3 29.62 19.41 17.18 18.22 
26 PBI09C004-BC-DH74 13.15 20.97 29.65 19.37 18.14 18.97 
27 PBI09C004-BC-DH76 14.4 21.93 29.39 18.81 16.58 19.35 
28 PBI09C004-BC-DH78 13.61 21.93 29.64 19.75 17.14 19.77 
29 PBI09C004-BC-DH106 13.95 21.54 30.36 19.28 17.2 18.25 
30 PBI09C004-BC-DH117 14.32 22.22 30.1 20.25 17.07 19.88 
31 PBI09C004-BC-DH118 14.28 21.75 30.79 18.24 16.72 19.37 
32 PBI09C008-BC-DH1 13.07 22.18 29.81 19.03 15.23 17.72 
33 PBI09C008-BC-DH8 12.83 21.49 28.91 18.71 16.55 18.88 
34 PBI09C008-BC-DH19 13.06 21.59 28.23 18.32 17.22 19.45 
35 PBI09C008-BC-DH20 13.63 21.83 29.49 17.31 16.52 18.57 
36 PBI09C008-BC-DH23 13.06 21.64 29.78 18.58 17.75 19.97 
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37 PBI09C008-BC-DH26 13.1 21.86 28.72 18.55 17.39 18.95 
38 PBI09C008-BC-DH30 13.48 21.28 29.97 19.28 15.44 18.52 
39 PBI09C008-BC-DH31 13.13 21.75 29.62 18.38 16.88 20.05 
40 PBI09C008-BC-DH32 14.03 22.35 30.13 18.81 17.06 19.1 
41 PBI09C008-BC-DH35 13.95 22.19 30.08 18.43 17.91 19.5 
42 PBI09C008-BC-DH39 13.5 21.79 27.98 19.05 17.07 19.62 
43 PBI09C008-BC-DH40 13.67 21.47 29.84 17.23 17.09 19.85 
44 PBI09C009-BC-DH2 12.91 21.67 28.97 19.78 17.96 18.97 
45 PBI09C009-BC-DH16 14.36 21.24 29.69 19.17 17.38 19.43 
46 PBI09C009-BC-DH17 13.36 21.84 29.26 17.67 16.47 19.18 
47 PBI09C009-BC-DH25 13.56 20.56 29.85 19.22 17.58 19.08 
48 PBI09C009-BC-DH57 13.48 21.31 30.45 18.54 16.4 18.77 
49 PBI09C009-BC-DH71 13.04 20.94 30.26 18.84 16.15 19.67 
50 PBI09C009-BC-DH76 13.47 21.4 30.4 18.84 16.86 18.95 
51 PBI09C009-BC-DH84 14.48 21.84 29.79 20.33 16.46 19.4 
52 PBI09C009-BC-DH86 13.52 21.21 29.75 19.45 16.35 19.32 
53 PBI09C009-BC-DH89 13.53 21.04 29.4 19.17 16 19.42 
54 PBI09C010-BC-DH1 13.51 21.87 30.31 19.42 16.04 19.32 
55 PBI09C010-BC-DH3 13.5 21.95 29.23 18.8 15.99 19.85 
56 PBI09C010-BC-DH4 12.99 22.31 29.33 19.03 17.34 19.3 
57 PBI09C010-BC-DH7 13.55 21.04 29.84 17.55 17.69 20.13 
58 PBI09C010-BC-DH8 13.19 21.36 29.23 17.84 16.45 19.25 
59 PBI09C010-BC-DH9 13.44 21.4 29.94 19.99 16.4 20.48 
60 PBI09C010-BC-DH10 13.72 21.21 29.52 18.17 16.21 17.8 
61 PBI09C010-BC-DH13 13.24 21.76 30.13 18.59 16.93 19.02 
62 PBI09C010-BC-DH15 13.24 21.97 30.19 18.19 16.91 19.7 
63 PBI09C010-BC-DH18 13.07 21.72 29.25 19.49 15.97 18.2 
64 PBI09C010-BC-DH19 13.73 20.84 28.76 18.42 16.59 19.65 
65 PBI09C016-BC-DH4 13.57 21.57 30.12 18.41 16.9 19.45 
66 PBI09C018-BC-DH2 14.01 22.54 30.33 19.13 16.97 19.95 
67 PBI09C018-BC-DH5 13.73 22.06 30.29 19.28 16.26 19.28 
68 PBI09C018-BC-DH6 13.99 21.32 29.96 19.24 17.61 18.73 
69 PBI09C018-BC-DH9 13.53 22.32 30.73 18.21 17.27 19.19 
70 PBI09C018-BC-DH11 13.91 21.44 30.02 18.16 17.35 18.02 
71 PBI09C018-BC-DH20 14.17 22.76 29.83 19.71 17.82 20.9 
72 PBI09C018-BC-DH29 13.84 21.87 30.7 18.52 18.18 19.7 
73 PBI09C021-BC-DH5 13.01 21.09 30.55 18.33 16.83 20.42 
74 PBI09C021-BC-DH7 14.07 22 30.5 18.4 17.08 18.72 
75 PBI09C023-BC-DH2 13.31 21.73 29.58 19.66 16.86 19.53 
76 PBI09C023-BC-DH3 13.4 22.56 29.14 20.26 17.22 20.47 
77 PBI09C026-BC-DH21 13.35 21.79 29.37 17.97 17.01 18.12 
78 PBI09C026-BC-DH31 12.76 21.47 28.52 17.6 16.85 19.02 
79 PBI09C026-BC-DH66 13.47 21.71 29.84 18.7 17.38 19.72 
80 PBI09C026-BC-DH73 13.73 21.64 29.18 17.59 16.15 19.03 
81 PBI09C026-BC-DH87 12.98 21.75 29.34 18.78 16.72 19.05 
82 PBI09C026-BC-DH91 13.32 21.74 29.35 19.27 16.25 18.97 
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83 PBI09C026-BC-DH99 13.37 21.93 29.64 17.87 15.09 17.87 
84 PBI09C026-BC-DH110 13.4 22.34 29.84 18.5 17.29 19.33 
85 PBI09C026-BC-DH114 13.16 21.14 30.37 17.65 15.81 18.37 
86 PBI09C028-BC-DH2 13.5 21.91 29.93 16.83 16.25 19.15 
87 PBI09C028-BC-DH3 13.18 21.65 29.79 18.53 16.13 18.5 
88 PBI09C028-BC-DH5 13.25 21.54 29.36 18.44 15.91 18.7 
89 PBI09C028-BC-DH7 14.19 21.97 30.3 18.82 16.17 18.42 
90 PBI09C028-BC-DH10 13.67 22.73 29.58 18.39 17.01 19.52 
91 PBI09C028-BC-DH17 13.72 21.64 29.35 19.57 16.27 19.62 
92 PBI09C028-BC-DH27 13.06 21.68 29.64 19.19 15.43 19.1 
93 PBI09C028-BC-DH32 12.59 21.68 28.98 18.12 16.74 19.18 
94 PBI09C028-BC-DH37 13.32 22.27 30.04 18.28 17.41 19.12 
95 PBI09C028-BC-DH38 12.92 21.34 29.74 18.66 17.16 18.58 
96 PBI09C028-BC-DH44 13.88 21.85 29.91 18.9 16.18 19.7 
97 PBI09C028-BC-DH54 13.76 21.71 30.31 17.18 15.74 17.88 
98 PBI09C034-BC-DH9 13.96 22.77 29.96 18.69 17.16 19.53 
99 PBI09C034-BC-DH17 14.53 22.21 30.21 19.06 16.59 19.32 
100 PBI09C034-BC-DH23 13.95 22.18 30.11 18.74 15.98 19.07 
101 PBI09C034-BC-DH27 13.51 22.48 30.89 19.71 16.27 19.22 
102 PBI09C034-BC-DH29 13.77 22.14 30.37 18.92 17.58 19.96 
103 PBI09C034-BC-DH30 13.85 22.27 30.6 18.67 17.5 19.83 
104 PBI09C034-BC-DH33 14.42 22.31 29.28 19.39 16.9 18.93 
105 PBI09C034-BC-DH34 14.26 22.27 31.73 18.18 15.73 18.25 
106 PBI09C035-BC-DH2 13.46 22.58 30.4 18.96 16.92 19.87 
107 PBI09C035-BC-DH3 13.08 22.21 29.69 19.73 16.91 20.1 
108 PBI09C035-BC-DH7 15.13 22.54 29.8 19.91 16.22 21.02 
109 PBI09C035-BC-DH11 13.48 22.03 28.95 20.44 16.5 19.55 
110 PBI09C035-BC-DH13 13.44 22.24 29.95 19.76 16.44 18.4 
111 PBI09C035-BC-DH21 14.44 23.45 29.43 19.17 17.54 20.77 
112 PBI09C035-BC-DH25 13.35 22.14 30.32 19.96 15.98 20.42 
113 PBI09C035-BC-DH26 13.67 21.92 30.23 19.16 16.45 19.75 
114 PBI09C035-BC-DH28 13.95 23.13 30.84 18.59 17.13 19.65 
115 PBI09C035-BC-DH37 13.8 22.77 30.36 18.89 16.04 18.27 
116 PBI09C035-BC-DH41 13.88 21.95 32.54 19.93 17.1 20.02 
117 PBI09C038-BC-DH7 13.07 22.41 30.75 19.45 17.24 20.18 
118 PBI09C038-BC-DH9 13.34 21.92 31.73 18.69 17.24 19.58 
119 PBI09C038-BC-DH10 12.95 22.07 30.74 19.42 17.72 19.12 
120 PBI09C038-BC-DH17 13.56 21.31 30.63 18.65 17.41 19.33 
121 PBI09C038-BC-DH21 13.2 22.33 30.83 20.77 16.01 20.78 
122 PBI09C038-BC-DH22 13.92 22.79 31.87 20.59 17.54 21.13 
123 PBI09C038-BC-DH23 13.76 21.53 30.07 18.76 16.45 19.57 
124 PBI09C039-BC-DH9 13.3 21.4 31.14 18.85 17.48 20.02 
125 PBI09C039-BC-DH26 12.94 23.61 30.99 19.23 17.71 20.8 
126 PBI09C039-BC-DH40 12.86 20.99 29.09 19.26 17.51 19.52 
127 PBI09C039-BC-DH46 13.95 21.48 30.62 18.93 15.38 19.25 
128 PBI09C039-BC-DH47 13.45 21.46 30.05 18.67 16.5 18.3 
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129 PBI09C039-BC-DH63 13.28 22.82 31.54 20.07 17.56 20.85 
130 PBI09C039-BC-DH69 12.96 21.25 30.91 20.18 17.06 19.12 
131 PBI09C039-BC-DH73 13.13 21.92 29.87 19.21 17.31 18.88 
132 PBI09C039-BC-DH78 13.29 22.26 30.74 19.54 17 19.1 
133 PBI09C039-BC-DH81 13.08 22.16 30.34 17.49 17.45 19.67 
134 PBI09C039-BC-DH88 12.81 21.89 29.76 20.52 17.06 20.18 
135 PBI09C043-BC-DH3 14.59 21.55 30.43 18.35 15.85 20.18 
136 PBI09C043-BC-DH10 13.16 21.95 29.74 19.61 16.97 20.1 
137 PBI09C043-BC-DH11 12.9 22.03 29.62 19.78 16.8 20.6 
138 PBI09C043-BC-DH12 14.08 22.24 29.78 19.79 17.31 19.62 
139 PBI09C043-BC-DH14 13.02 21.61 31.12 17.81 16.53 19.58 
140 PBI09C043-BC-DH15 14.35 21.59 31.04 19.5 17.57 19.28 
141 PBI09C043-BC-DH28 13.71 20.75 29.84 19.47 16.98 20.17 
142 PBI09C043-BC-DH31 13.02 22.93 29.2 18.48 16.9 18.95 
143 PBI09C043-BC-DH48 13.61 22.1 30.25 18 16.1 19.15 
144 PBI09C043-BC-DH51 13.99 22.07 32.26 19.66 17.21 19.5 
145 PBI09C043-BC-DH55 12.85 21.86 29.21 20.09 17 17.8 
146 PBI09C045-BC-DH2 13.59 21.62 31.92 18.28 16.96 18.87 
147 PBI09C045-BC-DH4 14.09 21.39 30.6 17.55 16.91 17.65 
148 PBI09C045-BC-DH6 15.18 21.82 30.23 20.26 17.23 18.32 
149 PBI09C045-BC-DH13 14.37 21.37 30.96 20.75 16.24 19.87 
150 PBI09C045-BC-DH15 13.76 22.1 29.67 19.17 17.3 20.28 
151 PBI09C045-BC-DH17 14.4 22.03 29.61 19.5 14.6 19.88 
152 PBI09C045-BC-DH27 14.47 20.8 29.15 19.24 16.76 19.43 
153 PBI09C045-BC-DH28 13.57 21.54 30.44 18.5 16.67 18.85 
154 PBI09C045-BC-DH30 13.58 22.14 30.71 18.47 16.33 19.02 
155 PBI09C045-BC-DH31 14.08 22.41 30.93 18.98 16.86 18.43 
156 PBI09C049-BC-DH4 14.09 21.62 31.17 18.39 18 17.92 
157 PBI09C051-BC-DH4 13.65 22.36 30.41 19.09 16.52 19.95 
158 PBI09C001-BC-DH8 14.42 22.05 30.59 21.25 16.9 20.48 
159 PBI09C001-BC-DH46 14.4 23.02 30.37 20.57 17.54 20.15 
160 PBI09C001-BC-DH61 14.03 21.76 29.87 20 16.98 19.42 
161 PBI09C001-BC-DH79 13.69 21.5 29.76 19.79 17.08 20.43 
162 PBI09C001-BC-DH80 14.14 22.03 28.43 18.8 16.64 20.02 
163 PBI09C001-BC-DH86 14.39 21.96 29.76 20.12 18.28 20.02 
164 PBI09C002-BC-DH6 12.94 20.99 30.41 18.12 16.63 18.2 
165 PBI09C002-BC-DH8 14.19 22.18 30.87 20.53 17.64 19.8 
166 PBI09C004-BC-DH1 14.17 22.62 29.11 18.44 17.33 19.98 
167 PBI09C004-BC-DH51 13.35 21.83 29.6 19.17 16.99 19.38 
168 PBI09C008-BC-DH7 13.55 21.91 30.82 18.68 16.64 18.97 
169 PBI09C008-BC-DH17 13.66 21.86 28.44 18.93 17.02 19.48 
170 PBI09C009-BC-DH1 13.53 21.92 30.96 17.47 16.18 18.68 
171 PBI09C009-BC-DH29 14.24 22.55 28.28 19.26 17.16 19.93 
172 PBI09C009-BC-DH30 13.32 21.2 29.25 18.4 16.82 19.37 
173 PBI09C009-BC-DH52 13.07 21.14 29.24 17.14 17.49 17.9 
174 PBI09C009-BC-DH56 12.34 21.83 29.38 17.5 17.21 19.47 
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175 PBI09C016-BC-DH7 13.57 22.89 29.37 19.33 17.06 20.18 
176 PBI09C018-BC-DH4 14.22 21.66 30.76 18.42 17.03 20.68 
177 PBI09C018-BC-DH8 13.57 21.12 31.04 18.84 18.05 19.87 
178 PBI09C021-BC-DH4 14.52 22 30.04 18.81 17.04 20.03 
179 PBI09C021-BC-DH19 14.75 21.98 30.69 19.04 16.62 19.95 
180 PBI09C026-BC-DH39 13.45 22.34 29.49 19.13 16.19 18.42 
181 PBI09C026-BC-DH65 12.72 21.55 29.09 17.5 16.47 19.17 
182 PBI09C026-BC-DH71 13.37 21.35 30.23 19.64 16.66 18.23 
183 PBI09C026-BC-DH88 13.42 21.71 29.22 18.2 16.77 19.8 
184 PBI09C028-BC-DH18 13.98 21.46 30.76 19.96 15 19.2 
185 PBI09C034-BC-DH19 13.43 22.92 29.81 19.13 17.55 20.17 
186 PBI09C034-BC-DH21 14.59 22.16 30.2 17.87 16.24 19.8 
187 PBI09C035-BC-DH20 14.72 21.64 30.56 18.7 16.87 19.82 
188 PBI09C035-BC-DH22 13.14 22.39 29.4 18.65 16.73 19.85 
189 PBI09C038-BC-DH1 12.95 21.38 31.14 18.89 18.59 20.03 
190 PBI09C038-BC-DH4 13.2 21.29 31.5 19.17 17.17 19.05 
191 PBI09C038-BC-DH24 13.22 23.09 30.07 18.31 18.14 20.62 
192 PBI09C039-BC-DH53 12.81 21.34 30.46 18.5 16.72 20.08 
193 PBI09C039-BC-DH60 13.15 21.92 32.09 19.24 18.74 19.77 
194 PBI09C043-BC-DH22 13.44 22.34 31.41 18.71 16.8 19.12 
195 PBI09C043-BC-DH44 13.69 21.76 30.39 19.43 16.55 18.68 
196 PBI09C045-BC-DH20 13.41 20.4 31.84 18.98 17.39 17.58 
197 PBI09C045-BC-DH21 13.78 22.12 30.49 18.12 17.22 17.22 
198 PBI09C049-BC-DH1 13.86 23.05 29.95 18.81 17.25 20.77 
199 PBI09C049-BC-DH5 14.66 22.81 30.68 19.33 14.68 20.4 
200 PBI09C049-BC-DH6 14.04 21.59 31.24 19.3 15.69 19.28 
201 PBI09C001-BC-DH10 14.38 22.65 29.72 
 
 
 
202 PBI09C001-BC-DH100 13.57 22.84 29.31 
 
 
 
203 PBI09C001-BC-DH14 13.85 21.85 29.52 
 
  204 PBI09C001-BC-DH16 14 22.84 30.39 
   205 PBI09C001-BC-DH17 13.98 22.09 30.25 
   
206 PBI09C001-BC-DH25 14.3 21.63 29.78 
   
207 PBI09C001-BC-DH26 13.34 22 30.03 
   208 PBI09C001-BC-DH29 13.29 21.79 30.15 
   209 PBI09C001-BC-DH30 14.26 21.59 30.15 
   
210 PBI09C001-BC-DH31 13.74 21.87 29.76 
   
211 PBI09C001-BC-DH38 13.15 21.71 29.72 
   212 PBI09C001-BC-DH39 13.25 21.68 30.78 
   213 PBI09C001-BC-DH44 14.28 22.2 30.39 
   
214 PBI09C001-BC-DH45 14.15 21.86 29.77 
   
215 PBI09C001-BC-DH47 13.38 22.36 29.4 
   216 PBI09C001-BC-DH49 14.85 22.58 29.23 
   217 PBI09C001-BC-DH51 13.17 21.44 29.82 
   
218 PBI09C001-BC-DH52 14 21.62 29.13 
   
219 PBI09C001-BC-DH54 14.7 22.44 30.72 
   220 PBI09C001-BC-DH60 14.16 21.32 30.45 
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221 PBI09C001-BC-DH67 14.19 21.5 30.37 
   
222 PBI09C001-BC-DH68 14.01 21.76 29.47 
   
223 PBI09C001-BC-DH69 13.72 22.42 30.33 
   224 PBI09C001-BC-DH7 13.44 21.99 30.38 
   225 PBI09C001-BC-DH71 13.14 21.11 29.88 
   
226 PBI09C001-BC-DH73 14.33 22.18 30.54 
   
227 PBI09C001-BC-DH74 14.8 22 30.75 
   228 PBI09C001-BC-DH75 14 22.09 29.74 
   229 PBI09C001-BC-DH76 14.09 22.38 30.22 
   
230 PBI09C001-BC-DH78 14.06 22.18 29.81 
   
231 PBI09C001-BC-DH82 14.53 21.27 29.55 
   232 PBI09C001-BC-DH83 14.4 21.94 30.3 
   233 PBI09C001-BC-DH84 13.95 21.41 30.2 
   
234 PBI09C001-BC-DH85 13.56 21.75 29.55 
   
235 PBI09C001-BC-DH88 13.19 21.84 30.58 
   236 PBI09C001-BC-DH90 13.37 22.43 30.64 
   237 PBI09C001-BC-DH99 14.19 21.37 30.1 
   
238 PBI09C002-BC-DH14 14 20.87 29.98 
   
239 PBI09C002-BC-DH21 14.41 21.76 29.52 
   240 PBI09C002-BC-DH9 13.96 22.26 30.05 
   241 PBI09C004-BC-DH101 14.01 22.14 30.13 
   242 PBI09C004-BC-DH114 12.8 22.5 31.32 
   243 PBI09C004-BC-DH119 13.45 21.71 30.28 
   244 PBI09C004-BC-DH121 14.11 21.64 29.73 
   245 PBI09C004-BC-DH124 10.55 22.65 30.54 
   246 PBI09C004-BC-DH125 13.23 22.03 30.54 
   247 PBI09C004-BC-DH2 14.26 22.1 30.96 
   248 PBI09C004-BC-DH20 13.08 21.79 30.09 
   249 PBI09C004-BC-DH29 14.16 21.76 29.64 
   250 PBI09C004-BC-DH35 14.61 22.65 30.19 
   251 PBI09C004-BC-DH37 13.54 21.27 29.83 
   252 PBI09C004-BC-DH41 13.34 21.95 29.04 
   253 PBI09C004-BC-DH46 13.94 22.01 29.88 
   254 PBI09C004-BC-DH54 14.01 21.81 29.68 
   255 PBI09C004-BC-DH66 14.33 22.46 29.49 
   256 PBI09C004-BC-DH68 13.9 22.48 29.83 
   257 PBI09C004-BC-DH71 14.17 22.48 30.16 
   258 PBI09C004-BC-DH79 13.91 21.87 30.47 
   259 PBI09C004-BC-DH8 13.75 22.75 30.24 
   260 PBI09C004-BC-DH80 14.25 22.02 31.57 
   261 PBI09C004-BC-DH81 13.67 22.12 30.01 
   262 PBI09C004-BC-DH85 14.08 21.77 29.7 
   263 PBI09C004-BC-DH91 14.63 22.26 30.38 
   264 PBI09C004-BC-DH93 13.92 22.06 29.71 
   265 PBI09C008-BC-DH12 13.78 21.96 29.92 
   266 PBI09C008-BC-DH14 13.49 21.72 29.78 
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267 PBI09C008-BC-DH18 12.65 21.42 29.47 
   268 PBI09C008-BC-DH21 12.73 21.58 28.99 
   269 PBI09C008-BC-DH22 13.9 21.19 29.46 
   270 PBI09C008-BC-DH24 13.2 22.32 29.73 
   271 PBI09C008-BC-DH25 13.56 21.03 29.76 
   272 PBI09C008-BC-DH27 13.31 22.1 29.04 
   273 PBI09C008-BC-DH28 13.46 20.91 29.58 
   274 PBI09C008-BC-DH33 13.1 21.28 29.32 
   275 PBI09C008-BC-DH34 13.88 21.42 29.43 
   276 PBI09C008-BC-DH38 13.75 22.06 28.84 
   277 PBI09C009-BC-DH10 14.03 21.16 29.45 
   278 PBI09C009-BC-DH22 13.23 21.44 29.48 
   279 PBI09C009-BC-DH24 13.79 21.48 29.91 
   280 PBI09C009-BC-DH28 13.8 21.84 28.6 
   281 PBI09C009-BC-DH3 13.27 22.36 29.71 
   282 PBI09C009-BC-DH32 14.29 21.96 28.89 
   283 PBI09C009-BC-DH33 14.07 21.6 29.59 
   284 PBI09C009-BC-DH38 13.48 21.65 29.49 
   285 PBI09C009-BC-DH39 13.42 21.44 28.71 
   286 PBI09C009-BC-DH40 13.42 21.36 30.74 
   287 PBI09C009-BC-DH42 13.93 22.09 31.19 
   288 PBI09C009-BC-DH46 14.07 21.68 30.43 
   289 PBI09C009-BC-DH5 13.67 22.31 29.28 
   290 PBI09C009-BC-DH53 14.4 20.97 30.36 
   291 PBI09C009-BC-DH54 13.41 21.36 29.58 
   292 PBI09C009-BC-DH59 13.18 21.45 29.34 
   293 PBI09C009-BC-DH6 14.09 21.34 30.09 
   294 PBI09C009-BC-DH61 13.67 21.74 31.11 
   295 PBI09C009-BC-DH69 13.25 21.9 28.45 
   296 PBI09C009-BC-DH73 13.13 21.67 30.06 
   297 PBI09C009-BC-DH79 13.79 21.62 29.48 
   298 PBI09C009-BC-DH83 13.98 20.94 29.46 
   299 PBI09C009-BC-DH91 13.11 21.3 30.48 
   300 PBI09C009-BC-DH97 13.74 22.22 29.21 
   301 PBI09C009-BC-DH98 13.52 22.15 29.9 
   302 PBI09C010-BC-DH14 13.54 20.93 29.9 
   303 PBI09C010-BC-DH16 13.15 21.56 29.34 
   304 PBI09C010-BC-DH17 14.24 21.83 29.73 
   305 PBI09C010-BC-DH2 13.31 22.01 29.22 
   306 PBI09C010-BC-DH20 12.96 22.08 29.26 
   307 PBI09C010-BC-DH5 13.3 21.44 29.09 
   308 PBI09C016-BC-DH11 * * * 
   309 PBI09C016-BC-DH5 13.3 22.44 28.57 
   310 PBI09C016-BC-DH6 14.16 22.15 30.45 
   311 PBI09C018-BC-DH10 13.38 21.9 31.48 
   312 PBI09C018-BC-DH12 13.9 22.22 31.11 
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313 PBI09C018-BC-DH13 14.11 22.55 30.74 
   314 PBI09C018-BC-DH15 13.17 21.76 30.06 
   315 PBI09C018-BC-DH16 14.07 22.63 30.42 
   316 PBI09C018-BC-DH17 13.93 21.28 31.49 
   317 PBI09C018-BC-DH18 13.71 21.57 29.33 
   318 PBI09C018-BC-DH22 14.44 21.73 30.22 
   319 PBI09C018-BC-DH24 14.37 21.87 30.11 
   320 PBI09C018-BC-DH26 12.18 21.45 31.92 
   321 PBI09C018-BC-DH7 13 21.59 31.55 
   322 PBI09C021-BC-DH3 13.85 21.86 29.89 
   323 PBI09C021-BC-DH6 13.38 22.87 29.97 
   324 PBI09C023-BC-DH1 13.83 21.91 30.78 
   325 PBI09C023-BC-DH4 13.96 21.14 29.72 
   326 PBI09C026-BC-DH100 12.85 22.4 30.42 
   327 PBI09C026-BC-DH102 13.11 22.1 29.42 
   328 PBI09C026-BC-DH103 13.76 20.43 29.54 
   329 PBI09C026-BC-DH105 14.09 21.67 30.51 
   330 PBI09C026-BC-DH107 13.68 21.39 30.36 
   331 PBI09C026-BC-DH108 13.4 21.44 30.08 
   332 PBI09C026-BC-DH109 13.19 21.46 30.54 
   333 PBI09C026-BC-DH111 13.03 22.18 29.58 
   334 PBI09C026-BC-DH112 14.74 21.92 30.66 
   335 PBI09C026-BC-DH113 13.28 21.94 29.72 
   336 PBI09C026-BC-DH116 13.5 21.92 29.59 
   337 PBI09C026-BC-DH117 12.71 22.15 29.85 
   338 PBI09C026-BC-DH119 13.17 22.25 30.69 
   339 PBI09C026-BC-DH120 13.49 21.96 30.34 
   340 PBI09C026-BC-DH17 13.35 21.64 30.27 
   341 PBI09C026-BC-DH18 13.43 22.01 30.06 
   342 PBI09C026-BC-DH22 12.9 21.94 29.59 
   343 PBI09C026-BC-DH23 13.24 21.95 30.38 
   344 PBI09C026-BC-DH27 14.63 22.01 29.72 
   345 PBI09C026-BC-DH28 12.89 21.56 29.77 
   346 PBI09C026-BC-DH29 14.08 22.06 30.62 
   347 PBI09C026-BC-DH34 13.6 22.48 30.77 
   348 PBI09C026-BC-DH36 14.27 21.89 30.22 
   349 PBI09C026-BC-DH40 14.34 23.04 29.39 
   350 PBI09C026-BC-DH42 13.1 21.15 29.09 
   351 PBI09C026-BC-DH46 13.45 21.61 29.59 
   352 PBI09C026-BC-DH47 13.37 21.71 29.51 
   353 PBI09C026-BC-DH54 13.62 21.69 29.88 
   354 PBI09C026-BC-DH58 13.61 21.89 29.91 
   355 PBI09C026-BC-DH60 13.45 21.76 30.5 
   356 PBI09C026-BC-DH61 13.51 21.39 29.4 
   357 PBI09C026-BC-DH62 13.59 21.44 28.75 
   358 PBI09C026-BC-DH63 13.61 21.76 30.56 
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359 PBI09C026-BC-DH64 13.74 21.42 30.42 
   360 PBI09C026-BC-DH70 13.24 21.71 29.68 
   361 PBI09C026-BC-DH76 14.17 22.07 29.38 
   362 PBI09C026-BC-DH78 14.13 21.8 30.05 
   363 PBI09C026-BC-DH80 13.18 21.73 29.87 
   364 PBI09C026-BC-DH81 13.6 22.5 29.7 
   365 PBI09C026-BC-DH82 13.51 21.72 30.38 
   366 PBI09C026-BC-DH83 14.06 21.49 29.98 
   367 PBI09C026-BC-DH84 12.46 20.74 29.51 
   368 PBI09C026-BC-DH85 13.04 21.14 29.6 
   369 PBI09C026-BC-DH86 13.25 21.43 29.65 
   370 PBI09C026-BC-DH92 12.97 21.92 29.41 
   371 PBI09C026-BC-DH94 14.68 21.32 30.21 
   372 PBI09C026-BC-DH98 14.09 21.94 30.05 
   373 PBI09C028-BC-DH11 13.05 21.99 29.35 
   374 PBI09C028-BC-DH12 13.86 22.13 29.99 
   375 PBI09C028-BC-DH26 13.49 21.91 30.01 
   376 PBI09C028-BC-DH48 13.64 21.7 29.69 
   377 PBI09C028-BC-DH49 13.36 21.94 30.1 
   378 PBI09C028-BC-DH6 13.79 21.28 29.29 
   379 PBI09C028-BC-DH8 14.03 21.95 28.92 
   380 PBI09C028-BC-DH9 14.14 21.43 28.9 
   381 PBI09C034-BC-DH13 14.14 22.59 30.89 
   382 PBI09C034-BC-DH18 13.94 22.38 30.36 
   383 PBI09C034-BC-DH28 13.73 22.28 30.36 
   384 PBI09C035-BC-DH27 13.85 21.66 30.78 
   385 PBI09C035-BC-DH32 13.41 21.88 29.01 
   386 PBI09C038-BC-DH16 13.55 21.98 29.2 
   387 PBI09C038-BC-DH19 13.94 22.09 29.64 
   388 PBI09C038-BC-DH8 13.96 22.88 30.16 
   389 PBI09C039-BC-DH1 13.17 22.1 30.55 
   390 PBI09C039-BC-DH10 13.28 21.65 29.86 
   391 PBI09C039-BC-DH11 12.81 21.98 30.24 
   392 PBI09C039-BC-DH14 13.52 21.27 30.81 
   393 PBI09C039-BC-DH16 13.22 22.14 30.9 
   394 PBI09C039-BC-DH17 13.73 21.23 30.34 
   395 PBI09C039-BC-DH18 13.25 21.27 30.9 
   396 PBI09C039-BC-DH19 13.16 22.97 31.17 
   397 PBI09C039-BC-DH20 13.59 22.48 30.65 
   398 PBI09C039-BC-DH22 13.48 22.69 29.28 
   399 PBI09C039-BC-DH23 13.65 22.5 29.04 
   400 PBI09C039-BC-DH27 12.89 22.08 29.7 
   401 PBI09C039-BC-DH28 13.59 23.28 30.19 
   402 PBI09C039-BC-DH29 13.75 23.14 30.39 
   403 PBI09C039-BC-DH3 13.8 22.89 29.57 
   404 PBI09C039-BC-DH30 13.52 23.09 29.06 
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405 PBI09C039-BC-DH31 12.69 22.28 30.69 
   406 PBI09C039-BC-DH32 13.38 21.38 29.54 
   407 PBI09C039-BC-DH33 13.59 22.51 30.57 
   408 PBI09C039-BC-DH34 12.88 22.01 30.23 
   409 PBI09C039-BC-DH35 13.5 22.21 30.44 
   410 PBI09C039-BC-DH36 13.44 21.4 30.53 
   411 PBI09C039-BC-DH38 12.99 22.59 33.39 
   412 PBI09C039-BC-DH39 13.7 22.61 29.6 
   413 PBI09C039-BC-DH4 14.28 21.53 30.46 
   414 PBI09C039-BC-DH41 13.04 21.59 28.83 
   415 PBI09C039-BC-DH44 14.04 21.95 30.19 
   416 PBI09C039-BC-DH49 13.85 21.72 29.71 
   417 PBI09C039-BC-DH5 13.56 22.8 30.11 
   418 PBI09C039-BC-DH50 13.63 21.53 29.86 
   419 PBI09C039-BC-DH51 14.01 22.75 31.29 
   420 PBI09C039-BC-DH56 13.9 22.17 31.67 
   421 PBI09C039-BC-DH58 14.01 21.78 29.29 
   422 PBI09C039-BC-DH59 13.88 22.15 30.44 
   423 PBI09C039-BC-DH6 13.52 22.28 30.09 
   424 PBI09C039-BC-DH62 12.78 22.15 29.41 
   425 PBI09C039-BC-DH64 14.98 21.4 31.61 
   426 PBI09C039-BC-DH65 13.76 21.08 30 
   427 PBI09C039-BC-DH67 13.53 21.73 31.22 
   428 PBI09C039-BC-DH7 13.11 21.76 29.8 
   429 PBI09C039-BC-DH71 13.67 21.76 31.38 
   430 PBI09C039-BC-DH72 13.21 22.1 29.37 
   431 PBI09C039-BC-DH74 14.37 24.23 30.03 
   432 PBI09C039-BC-DH75 13.39 22.35 30.94 
   433 PBI09C039-BC-DH8 14.31 22.6 30.88 
   434 PBI09C039-BC-DH80 13.53 21.77 29.8 
   435 PBI09C039-BC-DH82 13.29 22.15 30.26 
   436 PBI09C039-BC-DH84 13.65 22.13 31.54 
   437 PBI09C039-BC-DH85 15.85 22.94 30.47 
   438 PBI09C039-BC-DH90 13.12 21.26 30.59 
   439 PBI09C039-BC-DH91 13.91 20.43 30.52 
   440 PBI09C039-BC-DH92 13.44 21.74 29.93 
   441 PBI09C039-BC-DH93 13.51 21.84 30.7 
   442 PBI09C039-BC-DH94 14.08 22.44 30.89 
   443 PBI09C043-BC-DH1 13.38 22.06 30.61 
   444 PBI09C043-BC-DH13 13.3 21.46 30.45 
   445 PBI09C043-BC-DH16 14.35 22.5 30.18 
   446 PBI09C043-BC-DH18 15.39 22.14 31.2 
   447 PBI09C043-BC-DH19 13.11 22.18 31.16 
   448 PBI09C043-BC-DH2 13.45 21.56 31.73 
   449 PBI09C043-BC-DH20 14.18 21.56 30.92 
   450 PBI09C043-BC-DH23 13.29 21.86 29.49 
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451 PBI09C043-BC-DH25 13.98 22.02 31.24 
   452 PBI09C043-BC-DH27 14.88 21.72 29.65 
   453 PBI09C043-BC-DH29 14.61 23.2 30.61 
   454 PBI09C043-BC-DH30 13.65 22.28 30.48 
   455 PBI09C043-BC-DH33 14.84 23.05 29.86 
   456 PBI09C043-BC-DH34 13.95 22.63 29.66 
   457 PBI09C043-BC-DH36 13.78 22.27 30.93 
   458 PBI09C043-BC-DH37 * * * 
   459 PBI09C043-BC-DH38 14.14 22.68 31.15 
   460 PBI09C043-BC-DH40 13.96 21.8 30.67 
   461 PBI09C043-BC-DH41 13.46 21.95 30.05 
   462 PBI09C043-BC-DH47 14.07 22.51 30.16 
   463 PBI09C043-BC-DH49 13.42 22.12 30.69 
   464 PBI09C043-BC-DH5 13.11 22.5 29.56 
   465 PBI09C043-BC-DH50 13.26 21.21 30.1 
   466 PBI09C043-BC-DH53 13.71 22.37 27.57 
   467 PBI09C043-BC-DH54 13.93 22.17 31.57 
   468 PBI09C043-BC-DH57 14.83 22.14 31.31 
   469 PBI09C043-BC-DH6 14.04 22.22 30.51 
   470 PBI09C043-BC-DH67 13.64 23.35 29.83 
   471 PBI09C043-BC-DH8 13.74 22.19 29.91 
   472 PBI09C045-BC-DH10 14.57 21.89 30.23 
   473 PBI09C045-BC-DH3 14.21 22.34 29.25 
   474 PBI09C045-BC-DH8 14.53 22.37 32.25 
   475 PBI09C048-BC-DH23 14.8 22.23 31.06 
   476 PBI09C048-BC-DH39 14.31 23.32 30.32 
   477 PBI09C048-BC-DH40 14.11 22.41 29.57 
   478 PBI09C048-BC-DH8 13.68 21.37 29.79 
   479 PBI09C049-BC-DH2 13.81 21.71 30.9 
   480 PBI09C049-BC-DH3 14.14 21.66 32.35 
    Grand Means 13.6716 21.9134 30.0785 18.9338 16.8313 19.3366 
 Standard error 0.5948 0.5367 0.7175 2.757 2.239 1.155 
 LSD (5%) (Genotype x Environment)  4.014  4.014 4.014  
 LSD (5%) (Genotype) 3.316 4.821 2.792 5.437 4.414 2.27 
 %CV 10.16 9.05 3.87 14.6 13.2 9.96 
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Table 7: Mean of Chlorophyll content index of 200 genotypes evaluated from combined 
analysis (2014, E2-E3 and 2015, E4-E5).   
   
Stage 
 Entry number Genotypes/Designation Heading  Anthesis Milky  
  
E2-E3 E2-E3 E4-E5 
1 BERKUT 50.9 54.475 53.5 
2 SOKOLL 52.225 53.575 50.77 
3 2-49/CUNNINGHAM//KENNEDY 47.375 53.975 50.95 
4 T.DICOCCONP194625/AE.SQUARROSA 49.975 51.275 53.52 
5 PBW502 52 52.85 51.35 
6 PBW550 48.925 50.25 49.07 
7 DBW16 49.65 50.375 48.67 
8 DBW17 48.6 51 49.3 
9 Sunlin 50.95 50.725 47.4 
10 Waxwing*2/Kiritati 48.675 51.825 51.4 
11 SUNTOP 49.25 49.975 49.8 
12 EGA-Gregory 49.15 50.075 47.65 
13 Spitfire 50.4 49.675 52.35 
14 PBI09C001-BC-DH1 49.125 48.725 47.12 
15 PBI09C001-BC-DH9 48.95 49.525 49.07 
16 PBI09C001-BC-DH33 50.55 48.45 48.57 
17 PBI09C001-BC-DH58 49.7 48.425 47.55 
18 PBI09C001-BC-DH64 48.575 47.675 49.22 
19 PBI09C001-BC-DH89 48.225 48.175 50.3 
20 PBI09C001-BC-DH98 49.55 50 48.95 
21 PBI09C002-BC-DH1 48.825 48.225 49.07 
22 PBI09C002-BC-DH5 48.2 46.725 47.33 
23 PBI09C002-BC-DH20 48.125 47.575 48.17 
24 PBI09C004-BC-DH23 48.5 48.8 49.1 
25 PBI09C004-BC-DH24 48.1 48.05 48.65 
26 PBI09C004-BC-DH74 50 50 48.87 
27 PBI09C004-BC-DH76 49.55 50.125 49.75 
28 PBI09C004-BC-DH78 49.675 48.675 48.17 
29 PBI09C004-BC-DH106 49.025 46.725 48 
30 PBI09C004-BC-DH117 49 48.4 48.12 
31 PBI09C004-BC-DH118 49.65 49.175 47.95 
32 PBI09C008-BC-DH1 49.075 51.575 51.2 
33 PBI09C008-BC-DH8 49.525 50.5 52.67 
34 PBI09C008-BC-DH19 51.25 53.8 54.85 
35 PBI09C008-BC-DH20 50.05 52.15 54.77 
36 PBI09C008-BC-DH23 50.75 52.025 52.72 
37 PBI09C008-BC-DH26 51.725 52.975 55.47 
38 PBI09C008-BC-DH30 52.125 52.75 55.5 
39 PBI09C008-BC-DH31 51.45 52.725 53.32 
40 PBI09C008-BC-DH32 48.175 51.35 53.27 
41 PBI09C008-BC-DH35 50.9 53.575 54.35 
42 PBI09C008-BC-DH39 51.525 52.8 55.72 
43 PBI09C008-BC-DH40 50.6 52.925 53.85 
44 PBI09C009-BC-DH2 51.475 53.1 55.02 
45 PBI09C009-BC-DH16 53.05 52.275 52.17 
46 PBI09C009-BC-DH17 52.025 53.175 52.47 
47 PBI09C009-BC-DH25 50.8 51.95 52.42 
48 PBI09C009-BC-DH57 50.2 52.875 54.25 
49 PBI09C009-BC-DH71 49.825 51.5 52.55 
50 PBI09C009-BC-DH76 51.2 57 52.75 
51 PBI09C009-BC-DH84 49 51.275 50.57 
52 PBI09C009-BC-DH86 50.525 52.275 52.8 
53 PBI09C009-BC-DH89 52 53.95 53.57 
54 PBI09C010-BC-DH1 49.15 51.875 54.85 
55 PBI09C010-BC-DH3 51.55 52.35 53.02 
56 PBI09C010-BC-DH4 52.525 53.975 55.55 
57 PBI09C010-BC-DH7 51.2 51.3 53.47 
58 PBI09C010-BC-DH8 50.925 54.85 54.22 
59 PBI09C010-BC-DH9 51.275 52.075 52.07 
60 PBI09C010-BC-DH10 50.7 52.15 55.52 
61 PBI09C010-BC-DH13 51.55 54.05 54.55 
62 PBI09C010-BC-DH15 51.8 52.7 54.65 
63 PBI09C010-BC-DH18 51.025 51 54.65 
64 PBI09C010-BC-DH19 52.05 52.5 55.17 
65 PBI09C016-BC-DH4 53.125 57.475 60.7 
66 PBI09C018-BC-DH2 51.55 53.1 52.82 
67 PBI09C018-BC-DH5 54.675 55.225 55.1 
68 PBI09C018-BC-DH6 51.775 53 54.92 
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69 PBI09C018-BC-DH9 52.975 53.175 53.17 
70 PBI09C018-BC-DH11 54.675 54.325 55.97 
71 PBI09C018-BC-DH20 54.25 53.9 54.4 
72 PBI09C018-BC-DH29 54.95 56.5 58.5 
73 PBI09C021-BC-DH5 51 46.975 46.17 
74 PBI09C021-BC-DH7 47.85 46.325 47.22 
75 PBI09C023-BC-DH2 47.45 46.2 47.25 
76 PBI09C023-BC-DH3 49.4 47.5 47.1 
77 PBI09C026-BC-DH21 49.35 49.85 50.15 
78 PBI09C026-BC-DH31 50.2 49.4 49.97 
79 PBI09C026-BC-DH66 50.175 51.275 49.55 
80 PBI09C026-BC-DH73 48.925 49.95 50.6 
81 PBI09C026-BC-DH87 49.2 51.425 49.07 
82 PBI09C026-BC-DH91 48.95 49.75 50.7 
83 PBI09C026-BC-DH99 48.15 49.85 50.07 
84 PBI09C026-BC-DH110 49.1 49.575 49.72 
85 PBI09C026-BC-DH114 49.25 50.525 49.62 
86 PBI09C028-BC-DH2 49.75 49.525 49.3 
87 PBI09C028-BC-DH3 51.65 50.725 48.87 
88 PBI09C028-BC-DH5 48.3 50.3 49.02 
89 PBI09C028-BC-DH7 49.025 50.225 50 
90 PBI09C028-BC-DH10 48.5 50.3 49.17 
91 PBI09C028-BC-DH17 49.175 50.525 48.5 
92 PBI09C028-BC-DH27 48.2 52.125 49.82 
93 PBI09C028-BC-DH32 48.75 51.3 50.12 
94 PBI09C028-BC-DH37 50.15 51.1 50.23 
95 PBI09C028-BC-DH38 49.675 47.9 50.8 
96 PBI09C028-BC-DH44 49.95 52.1 49.22 
97 PBI09C028-BC-DH54 51.7 50.7 49.22 
98 PBI09C034-BC-DH9 50.6 52.975 52.25 
99 PBI09C034-BC-DH17 52.325 53.075 51.77 
100 PBI09C034-BC-DH23 49.575 52.7 51.05 
101 PBI09C034-BC-DH27 52.125 51.825 50 
102 PBI09C034-BC-DH29 52.95 56.625 52.3 
103 PBI09C034-BC-DH30 50.825 51.55 51.62 
104 PBI09C034-BC-DH33 50.75 54.275 51.52 
105 PBI09C034-BC-DH34 52.3 53.45 51.45 
106 PBI09C035-BC-DH2 51.75 51.225 49.92 
107 PBI09C035-BC-DH3 51.375 53.85 51.32 
108 PBI09C035-BC-DH7 51.9 52.275 51.1 
109 PBI09C035-BC-DH11 51.75 52.85 50.88 
110 PBI09C035-BC-DH13 52.15 52.8 49.1 
111 PBI09C035-BC-DH21 53.3 54.7 51.85 
112 PBI09C035-BC-DH25 52.6 52.95 50.65 
113 PBI09C035-BC-DH26 53 52.725 52.57 
114 PBI09C035-BC-DH28 49.15 50.075 49.17 
115 PBI09C035-BC-DH37 49.725 52.575 50.3 
116 PBI09C035-BC-DH41 51.7 52.9 50.75 
117 PBI09C038-BC-DH7 50.1 52.175 49.85 
118 PBI09C038-BC-DH9 50.175 50.55 50.72 
119 PBI09C038-BC-DH10 50.35 50.8 53 
120 PBI09C038-BC-DH17 50.225 51.55 51.4 
121 PBI09C038-BC-DH21 50.4 50.65 51.37 
122 PBI09C038-BC-DH22 49.925 51.475 51.85 
123 PBI09C038-BC-DH23 47.35 52.5 52.45 
124 PBI09C039-BC-DH9 46.425 49.35 50.1 
125 PBI09C039-BC-DH26 48.3 50.775 51.15 
126 PBI09C039-BC-DH40 48.925 50.375 53.87 
127 PBI09C039-BC-DH46 48.5 52.225 50.62 
128 PBI09C039-BC-DH47 50.35 52.175 50.52 
129 PBI09C039-BC-DH63 50.4 51.8 51.32 
130 PBI09C039-BC-DH69 50.85 50.6 50.9 
131 PBI09C039-BC-DH73 48.525 49.95 50.02 
132 PBI09C039-BC-DH78 50.575 50.9 51.12 
133 PBI09C039-BC-DH81 49.425 51.125 50.22 
134 PBI09C039-BC-DH88 49.825 53.05 50.42 
135 PBI09C043-BC-DH3 48.95 50.975 48.62 
136 PBI09C043-BC-DH10 48.1 50.425 49.15 
137 PBI09C043-BC-DH11 50.275 49.75 49.32 
138 PBI09C043-BC-DH12 47.425 49.775 50.5 
139 PBI09C043-BC-DH14 48 50.875 51.1 
140 PBI09C043-BC-DH15 49.4 53.325 47.12 
141 PBI09C043-BC-DH28 49.275 48.95 48.65 
142 PBI09C043-BC-DH31 49.25 49.15 46.87 
143 PBI09C043-BC-DH48 47.15 49.425 49.15 
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144 PBI09C043-BC-DH51 48.825 47.95 46.9 
145 PBI09C043-BC-DH55 49.275 50.075 50.7 
146 PBI09C045-BC-DH2 49.225 48.65 48.85 
147 PBI09C045-BC-DH4 47.225 48.925 49.2 
148 PBI09C045-BC-DH6 49.925 51.25 46.85 
149 PBI09C045-BC-DH13 48.825 51.85 50.6 
150 PBI09C045-BC-DH15 47.825 49.725 49.07 
151 PBI09C045-BC-DH17 50.3 51.725 47.6 
152 PBI09C045-BC-DH27 48.4 51.975 49.1 
153 PBI09C045-BC-DH28 47.7 50.9 49 
154 PBI09C045-BC-DH30 47.9 48.45 49.35 
155 PBI09C045-BC-DH31 47.15 49.35 47.9 
156 PBI09C049-BC-DH4 50 51 46.75 
157 PBI09C051-BC-DH4 50.65 52.45 50.1 
158 PBI09C001-BC-DH8 50.35 48.85 48.65 
159 PBI09C001-BC-DH46 50.7 49.45 48.8 
160 PBI09C001-BC-DH61 48 48.25 47.65 
161 PBI09C001-BC-DH79 48.475 47.5 49.35 
162 PBI09C001-BC-DH80 51.075 46.95 49.75 
163 PBI09C001-BC-DH86 49.725 47.8 48.4 
164 PBI09C002-BC-DH6 48.45 48.3 49.15 
165 PBI09C002-BC-DH8 49.575 48.35 48.6 
166 PBI09C004-BC-DH1 50.475 48.425 47.15 
167 PBI09C004-BC-DH51 49 49.175 49.45 
168 PBI09C008-BC-DH7 49.15 50.6 54.15 
169 PBI09C008-BC-DH17 52.575 50.5 54.75 
170 PBI09C009-BC-DH1 50.15 51.35 56 
171 PBI09C009-BC-DH29 51.425 50.225 52.7 
172 PBI09C009-BC-DH30 49.35 52.35 53 
173 PBI09C009-BC-DH52 52.025 54 55.7 
174 PBI09C009-BC-DH56 52.225 52.1 54.05 
175 PBI09C016-BC-DH7 52.875 55.425 51.95 
176 PBI09C018-BC-DH4 52.3 53.7 50.65 
177 PBI09C018-BC-DH8 54.7 56.175 58 
178 PBI09C021-BC-DH4 47 47.175 46.9 
179 PBI09C021-BC-DH19 47.7 47.075 47 
180 PBI09C026-BC-DH39 49.875 50.9 46.3 
181 PBI09C026-BC-DH65 49.475 50.75 48 
182 PBI09C026-BC-DH71 48.675 50.25 48.1 
183 PBI09C026-BC-DH88 49.95 49.375 50.5 
184 PBI09C028-BC-DH18 47.05 50.7 48.65 
185 PBI09C034-BC-DH19 50.725 53.225 51.55 
186 PBI09C034-BC-DH21 54.05 52.325 55.8 
187 PBI09C035-BC-DH20 51.75 53.175 50.15 
188 PBI09C035-BC-DH22 52.55 54.075 51.95 
189 PBI09C038-BC-DH1 50.15 50.975 50.35 
190 PBI09C038-BC-DH4 49.775 51 50.1 
191 PBI09C038-BC-DH24 48.325 51.6 49 
192 PBI09C039-BC-DH53 48.45 49.4 51.25 
193 PBI09C039-BC-DH60 49.05 51.05 50.4 
194 PBI09C043-BC-DH22 48.25 50.425 49.45 
195 PBI09C043-BC-DH44 48.125 49.425 45 
196 PBI09C045-BC-DH20 50.025 49.25 50.45 
197 PBI09C045-BC-DH21 46.7 48.2 48.35 
198 PBI09C049-BC-DH1 49.4 50.25 52 
199 PBI09C049-BC-DH5 49.525 55.15 52.1 
200 PBI09C049-BC-DH6 51.825 53.85 50.3 
 Grand Means 50.084 51.132 50.8259 
 SED 1.374 1.6069 0.1582 
 LSD (5%) 2.7011 3.175 3.23 
 %CV 3.9 4.4 4.12 
 
Table 8: Mean of ground cover rate (%) of independent analysis in 5 environments 
Entry      
Ground 
cover rate       
Number Genotype/Designation E1 E2 E3 E4 E5 
1 Berkut 54.9 16.59 21.24 5.909 9.997 
2 SOKOLL 54.63 18.42 15.17 3.062 9.311 
3 2-49/CUNNINGHAM//KENNEDY 51.54 21.37 18.39 5.207 7.613 
4 T.DICOCCONP194625/AE.SQUARROSA 43.92 19.15 14.54 7.034 8.679 
5 PBW502 50.77 18.09 14.81 1.293 5.658 
6 PBW550 51.21 23.86 18.18 5.002 9.566 
7 DBW16 55.15 19.42 18.03 4.322 7.972 
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8 DBW17 52.89 16.55 21.51 3.521 7.433 
9 Sunlin 47.52 14.42 15.48 5.347 8.119 
10 Waxwing*2/Kiritati * * * 5.465 7.401 
11 SUNTOP 59.5 19.56 12.99 7.59 9.799 
12 EGA-Gregory 51.15 20.58 14.85 9.135 8.046 
13 Spitfire 55.43 19.67 18.76 6.22 9.237 
14 PBI09C001-BC-DH1 43.99 20.9 18.71 4.464 7.114 
15 PBI09C001-BC-DH9 51.3 22.79 15.25 7.366 10.418 
16 PBI09C001-BC-DH33 53.17 21.8 21.57 6.547 7.515 
17 PBI09C001-BC-DH58 49.08 13.58 23.57 7.444 3.921 
18 PBI09C001-BC-DH64 49.63 27.68 22.45 5.44 2.185 
19 PBI09C001-BC-DH89 46.29 28.9 18.66 4.826 5.289 
20 PBI09C001-BC-DH98 55.11 19.41 21.81 3.763 1.86 
21 PBI09C002-BC-DH1 48.85 18.71 16.81 3.85 1.316 
22 PBI09C002-BC-DH5 49.73 23.63 16 4.647 3.53 
23 PBI09C002-BC-DH20 43.87 19.54 17.21 4.077 4.029 
24 PBI09C004-BC-DH23 51.5 16.72 23.54 6.221 3.361 
25 PBI09C004-BC-DH24 51.75 23.48 19.78 5.675 5.868 
26 PBI09C004-BC-DH74 52.95 22.04 27.74 4.334 3.341 
27 PBI09C004-BC-DH76 50.36 21.65 20.65 5.187 3.946 
28 PBI09C004-BC-DH78 52.2 19.06 18.12 6.094 3.881 
29 PBI09C004-BC-DH106 52.05 25.24 21.35 4.186 3.691 
30 PBI09C004-BC-DH117 44.86 21.25 21.98 6.144 3.186 
31 PBI09C004-BC-DH118 51.58 21.22 15.46 5.58 4.634 
32 PBI09C008-BC-DH1 48.27 17.43 18.48 4.508 5.364 
33 PBI09C008-BC-DH8 53.33 15.78 21 6.612 4.976 
34 PBI09C008-BC-DH19 51.17 19.89 16.97 4.117 2.388 
35 PBI09C008-BC-DH20 53.44 22.65 15.13 5.5 4.751 
36 PBI09C008-BC-DH23 54.34 20.65 18.75 6.432 4.039 
37 PBI09C008-BC-DH26 49.76 17.59 20.26 8.546 4.341 
38 PBI09C008-BC-DH30 48.06 18.55 21.11 9.217 4.661 
39 PBI09C008-BC-DH31 51.54 16.97 21.38 4.276 3.542 
40 PBI09C008-BC-DH32 52.18 23.48 19.46 6.246 6.403 
41 PBI09C008-BC-DH35 54.01 20.24 23.34 6.067 3.927 
42 PBI09C008-BC-DH39 48.35 17.15 23.51 5.874 4.153 
43 PBI09C008-BC-DH40 57.52 17.52 25 8.237 4.196 
44 PBI09C009-BC-DH2 56.11 21.81 16.99 6.662 3.381 
45 PBI09C009-BC-DH16 57.48 17.1 21.33 5.359 3.893 
46 PBI09C009-BC-DH17 55.47 21.04 22.31 6.177 2.628 
47 PBI09C009-BC-DH25 53.16 16.94 19.24 3.785 4.136 
48 PBI09C009-BC-DH57 55.29 19.18 22.35 5.175 5.778 
49 PBI09C009-BC-DH71 55.5 22.25 19.99 4.414 4.575 
50 PBI09C009-BC-DH76 48.27 14.02 20.93 6.837 5.871 
51 PBI09C009-BC-DH84 50.47 19.6 17.36 5.738 3.575 
52 PBI09C009-BC-DH86 53.72 18.1 19.1 6.895 5.385 
53 PBI09C009-BC-DH89 49.24 20.83 20.41 5.377 4.477 
54 PBI09C010-BC-DH1 51.77 16.97 19.8 8.78 5.299 
55 PBI09C010-BC-DH3 56.72 8.91 21.53 7.499 3.112 
56 PBI09C010-BC-DH4 52.97 21.27 20.4 8.307 4.427 
57 PBI09C010-BC-DH7 56.58 23.73 21.75 5.65 3.581 
58 PBI09C010-BC-DH8 57.93 22.35 24.4 4.506 4.856 
59 PBI09C010-BC-DH9 54.08 28.59 16.96 6.6 3.995 
60 PBI09C010-BC-DH10 50.05 17.48 17.93 10.172 6.898 
61 PBI09C010-BC-DH13 53.23 17.46 17.48 6.52 6.119 
62 PBI09C010-BC-DH15 54.65 16.69 21.03 4.003 3.863 
63 PBI09C010-BC-DH18 57.09 17.01 18.37 5.843 3.71 
64 PBI09C010-BC-DH19 39.18 18.23 18.35 8.38 5.505 
65 PBI09C016-BC-DH4 55.81 17.79 12.19 5.58 5.498 
66 PBI09C018-BC-DH2 54.98 16.99 13.59 5.011 6.689 
67 PBI09C018-BC-DH5 51.08 12.93 11.37 7.408 4.607 
68 PBI09C018-BC-DH6 52.12 23.75 15.76 5.844 6.478 
69 PBI09C018-BC-DH9 48.37 15.91 14.59 8.164 5.336 
70 PBI09C018-BC-DH11 42.31 16.12 15.99 5.707 6.144 
71 PBI09C018-BC-DH20 48.55 19.23 16.32 6.718 6.504 
72 PBI09C018-BC-DH29 51.46 15.27 16.68 7.698 4.909 
73 PBI09C021-BC-DH5 58.16 18.51 22.41 5.529 4.962 
74 PBI09C021-BC-DH7 50.3 25.33 15.6 5.986 5.543 
75 PBI09C023-BC-DH2 50.47 19.29 19.38 5.161 5.775 
76 PBI09C023-BC-DH3 56.47 22.45 13.79 7.943 2.671 
77 PBI09C026-BC-DH21 47.34 21.16 11.91 7.074 3.36 
78 PBI09C026-BC-DH31 49.51 10.4 17.88 5.046 3.131 
79 PBI09C026-BC-DH66 51.91 22.71 19.56 6.382 3.032 
80 PBI09C026-BC-DH73 53.39 25.46 16.83 4.445 0.824 
81 PBI09C026-BC-DH87 56.48 20.95 19.22 3.367 4.591 
82 PBI09C026-BC-DH91 49.45 20.36 20.38 6.657 5.433 
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83 PBI09C026-BC-DH99 50.22 22.57 19.45 6.093 3.489 
84 PBI09C026-BC-DH110 53.76 21.68 14.7 6.826 3.707 
85 PBI09C026-BC-DH114 51.88 18.24 18.64 5.544 4.85 
86 PBI09C028-BC-DH2 53.7 15.7 21.57 6.98 4.46 
87 PBI09C028-BC-DH3 56.78 22.03 17.62 7.247 3.668 
88 PBI09C028-BC-DH5 51.83 17.12 19 5.28 6.642 
89 PBI09C028-BC-DH7 48.72 17.64 14.78 3.917 5.271 
90 PBI09C028-BC-DH10 45.29 22.64 22.4 9.697 4.293 
91 PBI09C028-BC-DH17 54.27 22.7 17.91 8.932 4.857 
92 PBI09C028-BC-DH27 50.65 22.44 15.05 6.581 4.979 
93 PBI09C028-BC-DH32 51.47 15.02 15.61 5.249 5.544 
94 PBI09C028-BC-DH37 50.59 23.54 21.57 4.352 2.382 
95 PBI09C028-BC-DH38 48.55 13.93 14.89 5.769 4.365 
96 PBI09C028-BC-DH44 49.14 21.47 16.95 6.465 2.303 
97 PBI09C028-BC-DH54 48.59 17.53 20.36 5.688 5.657 
98 PBI09C034-BC-DH9 46.86 15.03 18.33 6.466 5.229 
99 PBI09C034-BC-DH17 50.31 16.95 17.85 3.136 3.048 
100 PBI09C034-BC-DH23 52.91 16.11 15.16 4.786 2.099 
101 PBI09C034-BC-DH27 46.51 17.21 15.15 2.703 2.017 
102 PBI09C034-BC-DH29 42.34 10.14 18.91 5.234 0.614 
103 PBI09C034-BC-DH30 54.15 13.99 11.17 4.719 3.201 
104 PBI09C034-BC-DH33 48.45 16.52 11.38 2.803 3.785 
105 PBI09C034-BC-DH34 47.95 11.09 17.93 3.172 2.585 
106 PBI09C035-BC-DH2 51.21 16.62 14.19 5.374 3.202 
107 PBI09C035-BC-DH3 53.64 17.97 13.19 5.315 2.657 
108 PBI09C035-BC-DH7 43.37 14.92 16.21 5.786 1.679 
109 PBI09C035-BC-DH11 46.64 15.72 17.9 4.259 4.127 
110 PBI09C035-BC-DH13 62.21 13.96 12.01 4.23 0.638 
111 PBI09C035-BC-DH21 54.93 19.88 19.26 4.689 1.631 
112 PBI09C035-BC-DH25 45.95 19.99 14.63 4.272 1.546 
113 PBI09C035-BC-DH26 48.75 15.26 19.09 0.423 2.947 
114 PBI09C035-BC-DH28 52.09 14.04 16.52 7.208 2.555 
115 PBI09C035-BC-DH37 50.14 22.7 15.14 3.322 3.152 
116 PBI09C035-BC-DH41 43.3 17.68 16.48 3.09 5.006 
117 PBI09C038-BC-DH7 55.55 10.45 18.26 7.361 2.599 
118 PBI09C038-BC-DH9 57.95 19.84 20.11 4.044 2.159 
119 PBI09C038-BC-DH10 63.01 16.99 23.2 5.605 1.488 
120 PBI09C038-BC-DH17 51.73 21.38 19.87 5.145 4.851 
121 PBI09C038-BC-DH21 51.47 17.43 18.59 5.778 4.363 
122 PBI09C038-BC-DH22 49.84 23.93 17.23 5.255 4.222 
123 PBI09C038-BC-DH23 50.91 14.93 19.44 6.823 1.066 
124 PBI09C039-BC-DH9 45.18 18.05 19.53 5.551 2.689 
125 PBI09C039-BC-DH26 45.22 18.24 17.11 3.85 4.109 
126 PBI09C039-BC-DH40 56.56 16.99 17.57 4.305 2.414 
127 PBI09C039-BC-DH46 51.92 17.52 17.74 5.048 2.333 
128 PBI09C039-BC-DH47 52.56 20.23 15.65 5.921 2.36 
129 PBI09C039-BC-DH63 51.43 19.19 16.05 7.456 3.384 
130 PBI09C039-BC-DH69 55.43 25.74 23.47 5.534 2.422 
131 PBI09C039-BC-DH73 51 16 17.86 4.979 5.015 
132 PBI09C039-BC-DH78 55.47 19.21 15.36 5.713 3.347 
133 PBI09C039-BC-DH81 52.89 13.03 17.71 3.428 5.096 
134 PBI09C039-BC-DH88 53.38 15.83 15.58 7.847 4.647 
135 PBI09C043-BC-DH3 54.16 12.66 16.01 6.317 3.743 
136 PBI09C043-BC-DH10 50.54 12.59 14.94 8.271 4.192 
137 PBI09C043-BC-DH11 46.61 16.13 16.38 7.302 1.339 
138 PBI09C043-BC-DH12 51.28 16.52 20.25 2.337 1.944 
139 PBI09C043-BC-DH14 50.87 14.37 13.75 6.142 3.333 
140 PBI09C043-BC-DH15 41.88 12.86 14.13 3.22 5.503 
141 PBI09C043-BC-DH28 40.96 19.8 10.54 4.578 1.172 
142 PBI09C043-BC-DH31 55.24 14.79 17.58 6.09 3.187 
143 PBI09C043-BC-DH48 51.34 9.44 14.92 5.057 3.775 
144 PBI09C043-BC-DH51 47.65 15.61 15.79 5.447 2.909 
145 PBI09C043-BC-DH55 49.35 15.53 10.86 4.779 4.183 
146 PBI09C045-BC-DH2 52.31 15.48 11.92 3.507 0.773 
147 PBI09C045-BC-DH4 42.63 17.77 11.64 4.131 1.495 
148 PBI09C045-BC-DH6 50.93 21.56 18.56 2.687 3.073 
149 PBI09C045-BC-DH13 54.09 18.8 16.37 4.435 4.25 
150 PBI09C045-BC-DH15 54.46 16.48 7.82 5.909 -0.561 
151 PBI09C045-BC-DH17 44.89 21.01 15.77 6.106 3.831 
152 PBI09C045-BC-DH27 48.47 15.98 14.06 5.236 5.501 
153 PBI09C045-BC-DH28 58.02 18.09 16.02 5.171 3.298 
154 PBI09C045-BC-DH30 52.73 17.62 17.56 12.015 3.375 
155 PBI09C045-BC-DH31 54.68 17.05 18.84 6.624 2.401 
156 PBI09C049-BC-DH4 52.97 20.96 20.73 8.835 7.536 
157 PBI09C051-BC-DH4 53.87 17.29 15.83 3.211 0.36 
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158 PBI09C001-BC-DH8 49.2 17.2 15.82 2.604 4.349 
159 PBI09C001-BC-DH46 44.18 26.38 17.95 6.01 2.45 
160 PBI09C001-BC-DH61 61.26 24.44 19.04 4.943 6.711 
161 PBI09C001-BC-DH79 50.02 20.55 22.2 8.181 4.748 
162 PBI09C001-BC-DH80 47.26 22.8 25.06 3.195 1.861 
163 PBI09C001-BC-DH86 43.08 16.13 14.7 9.909 3.879 
164 PBI09C002-BC-DH6 41.2 22.63 22.76 2.246 5.346 
165 PBI09C002-BC-DH8 57.3 21.99 20.96 4.798 5.735 
166 PBI09C004-BC-DH1 46.88 22.59 21.04 5.922 8.296 
167 PBI09C004-BC-DH51 53.32 24.29 27.43 5.889 1.99 
168 PBI09C008-BC-DH7 54.15 16.69 22.78 8.397 2.706 
169 PBI09C008-BC-DH17 47.99 22.67 18.99 3.25 1.938 
170 PBI09C009-BC-DH1 53.08 20.76 18.71 6.102 1.827 
171 PBI09C009-BC-DH29 48.62 19.41 17.96 2.536 2.363 
172 PBI09C009-BC-DH30 56.99 15.65 26.12 7.079 0.904 
173 PBI09C009-BC-DH52 44.56 20.16 13.31 2.956 4.663 
174 PBI09C009-BC-DH56 53.92 24.76 19.06 6.105 5.465 
175 PBI09C016-BC-DH7 56.54 21.38 24.64 11.055 6.056 
176 PBI09C018-BC-DH4 40.75 24.7 21.72 4.752 3.864 
177 PBI09C018-BC-DH8 46.9 21.48 18.8 6.976 2.793 
178 PBI09C021-BC-DH4 52.61 19.84 20.35 14.75 4.034 
179 PBI09C021-BC-DH19 46.3 23.72 27.81 6.145 4.347 
180 PBI09C026-BC-DH39 49.48 18.17 17.49 5.289 5.484 
181 PBI09C026-BC-DH65 56.34 19.44 26.76 6.846 6.199 
182 PBI09C026-BC-DH71 53.62 24.66 17.8 11.232 5.883 
183 PBI09C026-BC-DH88 48.34 20.41 18.92 6.505 6.201 
184 PBI09C028-BC-DH18 59.87 19.9 24.44 6.045 4.933 
185 PBI09C034-BC-DH19 47.54 19.53 18.38 7.739 -0.844 
186 PBI09C034-BC-DH21 52.41 14.31 15.78 4.414 -0.527 
187 PBI09C035-BC-DH20 50.22 18.69 21.4 3.482 2.406 
188 PBI09C035-BC-DH22 47.48 16.73 16.52 7.288 -1.668 
189 PBI09C038-BC-DH1 52.63 22.36 20.71 5.854 -0.145 
190 PBI09C038-BC-DH4 40.66 13.27 25.33 10.146 5.534 
191 PBI09C038-BC-DH24 54.11 17.58 19.45 6.254 2.274 
192 PBI09C039-BC-DH53 58.02 13.97 17.56 6.812 4.728 
193 PBI09C039-BC-DH60 53.61 21.22 16.77 10.215 5.977 
194 PBI09C043-BC-DH22 46.2 21.74 20.52 5.911 4.963 
195 PBI09C043-BC-DH44 49.43 19.03 17.17 5.738 3.323 
196 PBI09C045-BC-DH20 57.13 21.25 16.79 1.702 5.122 
197 PBI09C045-BC-DH21 54.93 18.68 20.23 4.05 3.282 
198 PBI09C049-BC-DH1 54.99 19.63 17.35 4.879 5.492 
199 PBI09C049-BC-DH5 44.16 16.9 14.53 1.613 3.262 
200 PBI09C049-BC-DH6 36.34 18.54 17.36 10.24 1.889 
201 PBI09C001-BC-DH10 41.42 
    202 PBI09C001-BC-DH100 47.35 
    203 PBI09C001-BC-DH14 46.04 
    204 PBI09C001-BC-DH16 50.52 
    205 PBI09C001-BC-DH17 51.59 
    206 PBI09C001-BC-DH25 51.39 
    207 PBI09C001-BC-DH26 48.06 
    208 PBI09C001-BC-DH29 50 
    209 PBI09C001-BC-DH30 46.63 
    210 PBI09C001-BC-DH31 53.93 
    211 PBI09C001-BC-DH38 47.71 
    212 PBI09C001-BC-DH39 51.52 
    213 PBI09C001-BC-DH44 49.89 
    214 PBI09C001-BC-DH45 42.31 
    215 PBI09C001-BC-DH47 54.08 
    216 PBI09C001-BC-DH49 52.76 
    217 PBI09C001-BC-DH51 55.22 
    218 PBI09C001-BC-DH52 49.35 
    219 PBI09C001-BC-DH54 48.36 
    220 PBI09C001-BC-DH60 39.26 
    221 PBI09C001-BC-DH67 49.7 
    222 PBI09C001-BC-DH68 45.27 
    223 PBI09C001-BC-DH69 49.85 
    224 PBI09C001-BC-DH7 46.5 
    225 PBI09C001-BC-DH71 49.39 
    226 PBI09C001-BC-DH73 48.51 
    227 PBI09C001-BC-DH74 48.26 
    228 PBI09C001-BC-DH75 52.45 
    229 PBI09C001-BC-DH76 48.87 
    230 PBI09C001-BC-DH78 49.63 
    231 PBI09C001-BC-DH82 44.75 
    232 PBI09C001-BC-DH83 51.81 
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233 PBI09C001-BC-DH84 46.09 
    234 PBI09C001-BC-DH85 53.04 
    235 PBI09C001-BC-DH88 48.42 
    236 PBI09C001-BC-DH90 44.64 
    237 PBI09C001-BC-DH99 54.06 
    238 PBI09C002-BC-DH14 48.23 
    239 PBI09C002-BC-DH21 48.03 
    240 PBI09C002-BC-DH9 46.7 
    241 PBI09C004-BC-DH101 52.74 
    242 PBI09C004-BC-DH114 47.37 
    243 PBI09C004-BC-DH119 54.36 
    244 PBI09C004-BC-DH121 48.64 
    245 PBI09C004-BC-DH124 45.84 
    246 PBI09C004-BC-DH125 48.11 
    247 PBI09C004-BC-DH2 48.78 
    248 PBI09C004-BC-DH20 57.57 
    249 PBI09C004-BC-DH29 46.62 
    250 PBI09C004-BC-DH35 50.16 
    251 PBI09C004-BC-DH37 53.5 
    252 PBI09C004-BC-DH41 44.37 
    253 PBI09C004-BC-DH46 51.38 
    254 PBI09C004-BC-DH54 46.19 
    255 PBI09C004-BC-DH66 43.52 
    256 PBI09C004-BC-DH68 48.94 
    257 PBI09C004-BC-DH71 46.26 
    258 PBI09C004-BC-DH79 46.3 
    259 PBI09C004-BC-DH8 47.48 
    260 PBI09C004-BC-DH80 56.86 
    261 PBI09C004-BC-DH81 50.34 
    262 PBI09C004-BC-DH85 50.85 
    263 PBI09C004-BC-DH91 52.52 
    264 PBI09C004-BC-DH93 48.07 
    265 PBI09C008-BC-DH12 46.02 
    266 PBI09C008-BC-DH14 49.97 
    267 PBI09C008-BC-DH18 52.75 
    268 PBI09C008-BC-DH21 52.22 
    269 PBI09C008-BC-DH22 57.89 
    270 PBI09C008-BC-DH24 49.59 
    271 PBI09C008-BC-DH25 50.34 
    272 PBI09C008-BC-DH27 49.73 
    273 PBI09C008-BC-DH28 52.68 
    274 PBI09C008-BC-DH33 50.38 
    275 PBI09C008-BC-DH34 53.06 
    276 PBI09C008-BC-DH38 46.14 
    277 PBI09C009-BC-DH10 50.64 
    278 PBI09C009-BC-DH22 50.31 
    279 PBI09C009-BC-DH24 52.5 
    280 PBI09C009-BC-DH28 53.63 
    281 PBI09C009-BC-DH3 56.32 
    282 PBI09C009-BC-DH32 52.26 
    283 PBI09C009-BC-DH33 50.48 
    284 PBI09C009-BC-DH38 55.13 
    285 PBI09C009-BC-DH39 55.42 
    286 PBI09C009-BC-DH40 42.89 
    287 PBI09C009-BC-DH42 50.07 
    288 PBI09C009-BC-DH46 53.16 
    289 PBI09C009-BC-DH5 53.1 
    290 PBI09C009-BC-DH53 50 
    291 PBI09C009-BC-DH54 49.3 
    292 PBI09C009-BC-DH59 47.48 
    293 PBI09C009-BC-DH6 50.71 
    294 PBI09C009-BC-DH61 47.72 
    295 PBI09C009-BC-DH69 50.69 
    296 PBI09C009-BC-DH73 55.95 
    297 PBI09C009-BC-DH79 53.39 
    298 PBI09C009-BC-DH83 55.71 
    299 PBI09C009-BC-DH91 42.72 
    300 PBI09C009-BC-DH97 53.56 
    301 PBI09C009-BC-DH98 52.45 
    302 PBI09C010-BC-DH14 50.81 
    303 PBI09C010-BC-DH16 56.68 
    304 PBI09C010-BC-DH17 55.94 
    305 PBI09C010-BC-DH2 49.67 
    306 PBI09C010-BC-DH20 65.68 
    307 PBI09C010-BC-DH5 50.01 
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308 PBI09C016-BC-DH11 * 
    309 PBI09C016-BC-DH5 53.72 
    310 PBI09C016-BC-DH6 49.66 
    311 PBI09C018-BC-DH10 52.02 
    312 PBI09C018-BC-DH12 52.81 
    313 PBI09C018-BC-DH13 54.62 
    314 PBI09C018-BC-DH15 48.51 
    315 PBI09C018-BC-DH16 50.41 
    316 PBI09C018-BC-DH17 53.05 
    317 PBI09C018-BC-DH18 42.3 
    318 PBI09C018-BC-DH22 55.81 
    319 PBI09C018-BC-DH24 42.48 
    320 PBI09C018-BC-DH26 46.38 
    321 PBI09C018-BC-DH7 53.01 
    322 PBI09C021-BC-DH3 44.44 
    323 PBI09C021-BC-DH6 53.66 
    324 PBI09C023-BC-DH1 53.5 
    325 PBI09C023-BC-DH4 46.32 
    326 PBI09C026-BC-DH100 57.03 
    327 PBI09C026-BC-DH102 52.29 
    328 PBI09C026-BC-DH103 52.47 
    329 PBI09C026-BC-DH105 54.64 
    330 PBI09C026-BC-DH107 50.71 
    331 PBI09C026-BC-DH108 47.54 
    332 PBI09C026-BC-DH109 51.84 
    333 PBI09C026-BC-DH111 46.44 
    334 PBI09C026-BC-DH112 52.72 
    335 PBI09C026-BC-DH113 47.85 
    336 PBI09C026-BC-DH116 49.51 
    337 PBI09C026-BC-DH117 54.31 
    338 PBI09C026-BC-DH119 57.08 
    339 PBI09C026-BC-DH120 53.66 
    340 PBI09C026-BC-DH17 55.42 
    341 PBI09C026-BC-DH18 54.8 
    342 PBI09C026-BC-DH22 42.81 
    343 PBI09C026-BC-DH23 59.58 
    344 PBI09C026-BC-DH27 48.25 
    345 PBI09C026-BC-DH28 48.15 
    346 PBI09C026-BC-DH29 55.69 
    347 PBI09C026-BC-DH34 51.09 
    348 PBI09C026-BC-DH36 47.44 
    349 PBI09C026-BC-DH40 45.44 
    350 PBI09C026-BC-DH42 56.6 
    351 PBI09C026-BC-DH46 49.38 
    352 PBI09C026-BC-DH47 54.44 
    353 PBI09C026-BC-DH54 54.75 
    354 PBI09C026-BC-DH58 50.31 
    355 PBI09C026-BC-DH60 50.53 
    356 PBI09C026-BC-DH61 50.33 
    357 PBI09C026-BC-DH62 50.29 
    358 PBI09C026-BC-DH63 46.15 
    359 PBI09C026-BC-DH64 53.33 
    360 PBI09C026-BC-DH70 52.45 
    361 PBI09C026-BC-DH76 48.57 
    362 PBI09C026-BC-DH78 53.45 
    363 PBI09C026-BC-DH80 57.49 
    364 PBI09C026-BC-DH81 49.51 
    365 PBI09C026-BC-DH82 51.92 
    366 PBI09C026-BC-DH83 51.98 
    367 PBI09C026-BC-DH84 48.52 
    368 PBI09C026-BC-DH85 54.07 
    369 PBI09C026-BC-DH86 54.16 
    370 PBI09C026-BC-DH92 44.99 
    371 PBI09C026-BC-DH94 50.84 
    372 PBI09C026-BC-DH98 50.4 
    373 PBI09C028-BC-DH11 53.2 
    374 PBI09C028-BC-DH12 44.25 
    375 PBI09C028-BC-DH26 50.09 
    376 PBI09C028-BC-DH48 44.76 
    377 PBI09C028-BC-DH49 53.81 
    378 PBI09C028-BC-DH6 55.41 
    379 PBI09C028-BC-DH8 49.08 
    380 PBI09C028-BC-DH9 50.08 
    381 PBI09C034-BC-DH13 50.24 
    382 PBI09C034-BC-DH18 39.64 
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383 PBI09C034-BC-DH28 49.07 
    384 PBI09C035-BC-DH27 55 
    385 PBI09C035-BC-DH32 47.09 
    386 PBI09C038-BC-DH16 45.78 
    387 PBI09C038-BC-DH19 55.96 
    388 PBI09C038-BC-DH8 59.13 
    389 PBI09C039-BC-DH1 57.67 
    390 PBI09C039-BC-DH10 50.38 
    391 PBI09C039-BC-DH11 49 
    392 PBI09C039-BC-DH14 55.29 
    393 PBI09C039-BC-DH16 55.95 
    394 PBI09C039-BC-DH17 57.75 
    395 PBI09C039-BC-DH18 55.93 
    396 PBI09C039-BC-DH19 53.44 
    397 PBI09C039-BC-DH20 57.31 
    398 PBI09C039-BC-DH22 46.09 
    399 PBI09C039-BC-DH23 54.63 
    400 PBI09C039-BC-DH27 54.28 
    401 PBI09C039-BC-DH28 44.99 
    402 PBI09C039-BC-DH29 56.05 
    403 PBI09C039-BC-DH3 47.49 
    404 PBI09C039-BC-DH30 57.2 
    405 PBI09C039-BC-DH31 50.6 
    406 PBI09C039-BC-DH32 54.05 
    407 PBI09C039-BC-DH33 54.12 
    408 PBI09C039-BC-DH34 50.6 
    409 PBI09C039-BC-DH35 49.31 
    410 PBI09C039-BC-DH36 46.32 
    411 PBI09C039-BC-DH38 56.47 
    412 PBI09C039-BC-DH39 50.88 
    413 PBI09C039-BC-DH4 42.48 
    414 PBI09C039-BC-DH41 52.43 
    415 PBI09C039-BC-DH44 56.22 
    416 PBI09C039-BC-DH49 50.29 
    417 PBI09C039-BC-DH5 44.86 
    418 PBI09C039-BC-DH50 53.46 
    419 PBI09C039-BC-DH51 41.43 
    420 PBI09C039-BC-DH56 56.11 
    421 PBI09C039-BC-DH58 54.73 
    422 PBI09C039-BC-DH59 54.61 
    423 PBI09C039-BC-DH6 50.15 
    424 PBI09C039-BC-DH62 59.55 
    425 PBI09C039-BC-DH64 53.65 
    426 PBI09C039-BC-DH65 48.53 
    427 PBI09C039-BC-DH67 55.19 
    428 PBI09C039-BC-DH7 61.92 
    429 PBI09C039-BC-DH71 45.78 
    430 PBI09C039-BC-DH72 57.88 
    431 PBI09C039-BC-DH74 50.88 
    432 PBI09C039-BC-DH75 50.45 
    433 PBI09C039-BC-DH8 51.45 
    434 PBI09C039-BC-DH80 51.78 
    435 PBI09C039-BC-DH82 52.21 
    436 PBI09C039-BC-DH84 54.78 
    437 PBI09C039-BC-DH85 29 
    438 PBI09C039-BC-DH90 61.16 
    439 PBI09C039-BC-DH91 54.83 
    440 PBI09C039-BC-DH92 51.16 
    441 PBI09C039-BC-DH93 52.85 
    442 PBI09C039-BC-DH94 48.08 
    443 PBI09C043-BC-DH1 51.98 
    444 PBI09C043-BC-DH13 49.88 
    445 PBI09C043-BC-DH16 49.76 
    446 PBI09C043-BC-DH18 45.48 
    447 PBI09C043-BC-DH19 53.98 
    448 PBI09C043-BC-DH2 50.3 
    449 PBI09C043-BC-DH20 44.99 
    450 PBI09C043-BC-DH23 47.58 
    451 PBI09C043-BC-DH25 52.48 
    452 PBI09C043-BC-DH27 53.54 
    453 PBI09C043-BC-DH29 53.06 
    454 PBI09C043-BC-DH30 55.58 
    455 PBI09C043-BC-DH33 45.68 
    456 PBI09C043-BC-DH34 33.63 
    457 PBI09C043-BC-DH36 60.36 
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458 PBI09C043-BC-DH37 * 
    459 PBI09C043-BC-DH38 54.59 
    460 PBI09C043-BC-DH40 57.32 
    461 PBI09C043-BC-DH41 55.42 
    462 PBI09C043-BC-DH47 53.06 
    463 PBI09C043-BC-DH49 48.95 
    464 PBI09C043-BC-DH5 48.54 
    465 PBI09C043-BC-DH50 55.62 
    466 PBI09C043-BC-DH53 53.95 
    467 PBI09C043-BC-DH54 41.84 
    468 PBI09C043-BC-DH57 44.67 
    469 PBI09C043-BC-DH6 43.82 
    470 PBI09C043-BC-DH67 50.62 
    471 PBI09C043-BC-DH8 52.45 
    472 PBI09C045-BC-DH10 49.46 
    473 PBI09C045-BC-DH3 47.28 
    474 PBI09C045-BC-DH8 41.37 
    475 PBI09C048-BC-DH23 47.16 
    476 PBI09C048-BC-DH39 48.44 
    477 PBI09C048-BC-DH40 49.59 
    478 PBI09C048-BC-DH8 55.74 
    479 PBI09C049-BC-DH2 47.71 
    480 PBI09C049-BC-DH3 49.92     
 
Grand Means 50.90 18.88 18.24 5.76 4.14 
 
Standard error 5.107 4.712 8.072 2.774 2.248 
 
LSD (5%) (Genotype x Environment) na 12.992 12.992 4.974 4.974 
 
LSD (5%) (Genotype) 14.61 9.291 15.92 5.481 4.442 
  %CV 11.96 25.1 42.9 43.33 49.59 
Na= not available. Genotype x environment interaction only measured between E2-E3 and E4-E5 due to same 
stage development data taken. 
 
Table 9: Mean of normalize difference vegetative index (NDVI) in 3 crop development (Z45, 
booting; Z49- Z61, heading to flowering; Z75-Z77, grain filling) in E1 (2013). 
  Normalized difference vegetative index       
Entry   
 
  E1   
number Genotype/Designation Z45  Z49-Z61 Z75- Z77 
1 Berkut 0.7467 0.6982 0.5564 
2 SOKOLL 0.6878 0.6189 0.3898 
3 2-49/CUNNINGHAM//KENNEDY 0.6417 0.6476 0.5466 
4 T.DICOCCONP194625/AE.SQUARROSA 0.6676 0.6811 0.4421 
5 PBW502 0.7518 0.6873 0.5432 
6 PBW550 0.7633 0.6769 0.4916 
7 DBW16 0.7902 0.6861 0.5201 
8 DBW17 0.7899 0.7161 0.5512 
9 Sunlin 0.7614 0.7164 0.5611 
10 Waxwing*2/Kiritati * * * 
11 SUNTOP 0.7036 0.6832 0.5234 
12 EGA-Gregory 0.5851 0.5996 0.4185 
13 Spitfire 0.829 0.7479 0.4678 
14 PBI09C001-BC-DH1 0.7512 0.679 0.5326 
15 PBI09C001-BC-DH9 0.7972 0.6906 0.5221 
16 PBI09C001-BC-DH33 0.7793 0.682 0.5671 
17 PBI09C001-BC-DH58 0.8061 0.7294 0.5594 
18 PBI09C001-BC-DH64 0.7492 0.7022 0.5694 
19 PBI09C001-BC-DH89 0.7634 0.7246 0.5545 
20 PBI09C001-BC-DH98 0.7329 0.6928 0.5447 
21 PBI09C002-BC-DH1 0.7774 0.7538 0.586 
22 PBI09C002-BC-DH5 0.7983 0.7094 0.5291 
23 PBI09C002-BC-DH20 0.7509 0.7123 0.5967 
24 PBI09C004-BC-DH23 0.7963 0.7319 0.5853 
25 PBI09C004-BC-DH24 0.8072 0.7125 0.5262 
26 PBI09C004-BC-DH74 0.8019 0.7394 0.6008 
27 PBI09C004-BC-DH76 0.7849 0.6896 0.5474 
28 PBI09C004-BC-DH78 0.7866 0.7233 0.5765 
29 PBI09C004-BC-DH106 0.7549 0.7145 0.5436 
30 PBI09C004-BC-DH117 0.7992 0.7141 0.556 
31 PBI09C004-BC-DH118 0.7797 0.6882 0.502 
32 PBI09C008-BC-DH1 0.8127 0.6903 0.4926 
33 PBI09C008-BC-DH8 0.7529 0.7109 0.5764 
34 PBI09C008-BC-DH19 0.7565 0.6548 0.505 
35 PBI09C008-BC-DH20 0.7759 0.6899 0.4993 
36 PBI09C008-BC-DH23 0.8002 0.7087 0.5018 
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37 PBI09C008-BC-DH26 0.7665 0.7139 0.5234 
38 PBI09C008-BC-DH30 0.6782 0.703 0.5368 
39 PBI09C008-BC-DH31 0.7724 0.6955 0.5641 
40 PBI09C008-BC-DH32 0.7847 0.694 0.515 
41 PBI09C008-BC-DH35 0.8077 0.7133 0.5245 
42 PBI09C008-BC-DH39 0.6518 0.6927 0.4755 
43 PBI09C008-BC-DH40 0.7717 0.7105 0.5066 
44 PBI09C009-BC-DH2 0.7813 0.7281 0.5353 
45 PBI09C009-BC-DH16 0.8278 0.734 0.5034 
46 PBI09C009-BC-DH17 0.8305 0.7241 0.501 
47 PBI09C009-BC-DH25 0.7709 0.7386 0.5356 
48 PBI09C009-BC-DH57 0.8385 0.7291 0.5464 
49 PBI09C009-BC-DH71 0.7996 0.7312 0.5699 
50 PBI09C009-BC-DH76 0.7944 0.7443 0.5092 
51 PBI09C009-BC-DH84 0.7565 0.7052 0.5272 
52 PBI09C009-BC-DH86 0.7929 0.7069 0.5254 
53 PBI09C009-BC-DH89 0.7611 0.6993 0.4943 
54 PBI09C010-BC-DH1 0.7995 0.7069 0.4651 
55 PBI09C010-BC-DH3 0.8064 0.7019 0.5154 
56 PBI09C010-BC-DH4 0.8111 0.7253 0.5471 
57 PBI09C010-BC-DH7 0.8038 0.6958 0.5381 
58 PBI09C010-BC-DH8 0.7784 0.7054 0.522 
59 PBI09C010-BC-DH9 0.7891 0.6757 0.5011 
60 PBI09C010-BC-DH10 0.756 0.7089 0.5078 
61 PBI09C010-BC-DH13 0.7777 0.721 0.5511 
62 PBI09C010-BC-DH15 0.7877 0.7283 0.5632 
63 PBI09C010-BC-DH18 0.7973 0.7181 0.5207 
64 PBI09C010-BC-DH19 0.7854 0.688 0.5403 
65 PBI09C016-BC-DH4 0.7484 0.6917 0.5733 
66 PBI09C018-BC-DH2 0.7449 0.6931 0.5042 
67 PBI09C018-BC-DH5 0.7094 0.6783 0.5413 
68 PBI09C018-BC-DH6 0.754 0.7016 0.5285 
69 PBI09C018-BC-DH9 0.7124 0.6811 0.5621 
70 PBI09C018-BC-DH11 0.762 0.7263 0.5454 
71 PBI09C018-BC-DH20 0.7646 0.6596 0.5064 
72 PBI09C018-BC-DH29 0.743 0.717 0.5136 
73 PBI09C021-BC-DH5 0.7621 0.7377 0.558 
74 PBI09C021-BC-DH7 0.7909 0.7258 0.5349 
75 PBI09C023-BC-DH2 0.7956 0.7315 0.5227 
76 PBI09C023-BC-DH3 0.8051 0.703 0.5666 
77 PBI09C026-BC-DH21 0.7936 0.7241 0.5586 
78 PBI09C026-BC-DH31 0.7202 0.6918 0.4867 
79 PBI09C026-BC-DH66 0.7722 0.7068 0.5585 
80 PBI09C026-BC-DH73 0.7112 0.673 0.4742 
81 PBI09C026-BC-DH87 0.7563 0.6585 0.4406 
82 PBI09C026-BC-DH91 0.7678 0.7046 0.5409 
83 PBI09C026-BC-DH99 0.7491 0.7002 0.519 
84 PBI09C026-BC-DH110 0.8036 0.7154 0.5002 
85 PBI09C026-BC-DH114 0.7553 0.6368 0.4473 
86 PBI09C028-BC-DH2 0.738 0.702 0.5248 
87 PBI09C028-BC-DH3 0.7517 0.7184 0.4823 
88 PBI09C028-BC-DH5 0.8049 0.7088 0.5393 
89 PBI09C028-BC-DH7 0.7784 0.7344 0.5319 
90 PBI09C028-BC-DH10 0.7704 0.699 0.5343 
91 PBI09C028-BC-DH17 0.7697 0.6955 0.5297 
92 PBI09C028-BC-DH27 0.765 0.7311 0.5005 
93 PBI09C028-BC-DH32 0.7527 0.7023 0.5345 
94 PBI09C028-BC-DH37 0.8037 0.709 0.5118 
95 PBI09C028-BC-DH38 0.779 0.6884 0.5307 
96 PBI09C028-BC-DH44 0.7418 0.6916 0.5272 
97 PBI09C028-BC-DH54 0.7358 0.713 0.4564 
98 PBI09C034-BC-DH9 0.7497 0.6888 0.5349 
99 PBI09C034-BC-DH17 0.6739 0.6777 0.5021 
100 PBI09C034-BC-DH23 0.7652 0.711 0.5592 
101 PBI09C034-BC-DH27 0.7052 0.6578 0.5555 
102 PBI09C034-BC-DH29 0.6748 0.6984 0.5455 
103 PBI09C034-BC-DH30 0.7809 0.6977 0.5445 
104 PBI09C034-BC-DH33 0.6882 0.6819 0.5366 
105 PBI09C034-BC-DH34 0.7663 0.6855 0.5391 
106 PBI09C035-BC-DH2 0.8196 0.6971 0.5092 
107 PBI09C035-BC-DH3 0.7718 0.697 0.5195 
108 PBI09C035-BC-DH7 0.6254 0.6572 0.4865 
109 PBI09C035-BC-DH11 0.7203 0.6753 0.4645 
110 PBI09C035-BC-DH13 0.705 0.6947 0.5414 
111 PBI09C035-BC-DH21 0.7807 0.6811 0.5242 
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112 PBI09C035-BC-DH25 0.732 0.7044 0.4843 
113 PBI09C035-BC-DH26 0.7264 0.7127 0.406 
114 PBI09C035-BC-DH28 0.778 0.6861 0.4748 
115 PBI09C035-BC-DH37 0.735 0.6746 0.4497 
116 PBI09C035-BC-DH41 0.7621 0.7102 0.5031 
117 PBI09C038-BC-DH7 0.8129 0.7159 0.6024 
118 PBI09C038-BC-DH9 0.755 0.6982 0.5059 
119 PBI09C038-BC-DH10 0.7992 0.6962 0.5624 
120 PBI09C038-BC-DH17 0.7657 0.7 0.5764 
121 PBI09C038-BC-DH21 0.791 0.6887 0.5895 
122 PBI09C038-BC-DH22 0.702 0.7015 0.5251 
123 PBI09C038-BC-DH23 0.7783 0.6808 0.5966 
124 PBI09C039-BC-DH9 0.6479 0.7039 0.4853 
125 PBI09C039-BC-DH26 0.7939 0.738 0.6088 
126 PBI09C039-BC-DH40 0.77 0.7454 0.5648 
127 PBI09C039-BC-DH46 0.7534 0.7019 0.4442 
128 PBI09C039-BC-DH47 0.7749 0.6601 0.5596 
129 PBI09C039-BC-DH63 0.7525 0.6937 0.4686 
130 PBI09C039-BC-DH69 0.582 0.6574 0.4243 
131 PBI09C039-BC-DH73 0.7166 0.6867 0.5456 
132 PBI09C039-BC-DH78 0.7919 0.7222 0.5824 
133 PBI09C039-BC-DH81 0.7706 0.6817 0.5186 
134 PBI09C039-BC-DH88 0.7735 0.6993 0.6023 
135 PBI09C043-BC-DH3 0.6838 0.6956 0.5382 
136 PBI09C043-BC-DH10 0.7556 0.7328 0.5696 
137 PBI09C043-BC-DH11 0.7891 0.7159 0.5286 
138 PBI09C043-BC-DH12 0.814 0.6977 0.5351 
139 PBI09C043-BC-DH14 0.7116 0.667 0.5261 
140 PBI09C043-BC-DH15 0.7054 0.6546 0.5196 
141 PBI09C043-BC-DH28 0.7694 0.708 0.5521 
142 PBI09C043-BC-DH31 0.7703 0.6898 0.5499 
143 PBI09C043-BC-DH48 0.7881 0.7067 0.5207 
144 PBI09C043-BC-DH51 0.7196 0.671 0.4617 
145 PBI09C043-BC-DH55 0.7813 0.6939 0.5201 
146 PBI09C045-BC-DH2 0.7483 0.6942 0.4744 
147 PBI09C045-BC-DH4 0.7233 0.6739 0.504 
148 PBI09C045-BC-DH6 0.7781 0.6629 0.5274 
149 PBI09C045-BC-DH13 0.7671 0.7133 0.5395 
150 PBI09C045-BC-DH15 0.7579 0.7142 0.5024 
151 PBI09C045-BC-DH17 0.7645 0.6978 0.5512 
152 PBI09C045-BC-DH27 0.6787 0.6427 0.4522 
153 PBI09C045-BC-DH28 0.7927 0.7157 0.488 
154 PBI09C045-BC-DH30 0.784 0.6872 0.5544 
155 PBI09C045-BC-DH31 0.7709 0.6994 0.5063 
156 PBI09C049-BC-DH4 0.7518 0.724 0.5925 
157 PBI09C051-BC-DH4 0.7279 0.719 0.5128 
158 PBI09C001-BC-DH8 0.8274 0.6785 0.5608 
159 PBI09C001-BC-DH46 0.7898 0.6907 0.5232 
160 PBI09C001-BC-DH61 0.8387 0.7103 0.6386 
161 PBI09C001-BC-DH79 0.7415 0.7081 0.6008 
162 PBI09C001-BC-DH80 0.8002 0.6978 0.5102 
163 PBI09C001-BC-DH86 0.7335 0.6684 0.4965 
164 PBI09C002-BC-DH6 0.7764 0.7056 0.61 
165 PBI09C002-BC-DH8 0.7546 0.6891 0.5382 
166 PBI09C004-BC-DH1 0.8274 0.7234 0.5417 
167 PBI09C004-BC-DH51 0.8174 0.7082 0.6115 
168 PBI09C008-BC-DH7 0.7664 0.7101 0.5344 
169 PBI09C008-BC-DH17 0.7029 0.6965 0.4833 
170 PBI09C009-BC-DH1 0.854 0.7241 0.5533 
171 PBI09C009-BC-DH29 0.7793 0.7391 0.57 
172 PBI09C009-BC-DH30 0.6623 0.6923 0.5889 
173 PBI09C009-BC-DH52 0.6895 0.6942 0.5168 
174 PBI09C009-BC-DH56 0.77 0.7783 0.5239 
175 PBI09C016-BC-DH7 0.6536 0.6934 0.6175 
176 PBI09C018-BC-DH4 0.748 0.6655 0.5019 
177 PBI09C018-BC-DH8 0.7621 0.6867 0.6494 
178 PBI09C021-BC-DH4 0.7752 0.7207 0.4835 
179 PBI09C021-BC-DH19 0.806 0.7366 0.5469 
180 PBI09C026-BC-DH39 0.8366 0.7186 0.5414 
181 PBI09C026-BC-DH65 0.7986 0.7635 0.5463 
182 PBI09C026-BC-DH71 0.7764 0.7453 0.5305 
183 PBI09C026-BC-DH88 0.8121 0.7429 0.5126 
184 PBI09C028-BC-DH18 0.7242 0.6652 0.496 
185 PBI09C034-BC-DH19 0.7705 0.6947 0.5677 
186 PBI09C034-BC-DH21 0.8148 0.6936 0.5552 
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187 PBI09C035-BC-DH20 0.7462 0.6427 0.4547 
188 PBI09C035-BC-DH22 0.7544 0.6641 0.5292 
189 PBI09C038-BC-DH1 0.9083 0.697 0.5597 
190 PBI09C038-BC-DH4 0.8048 0.6966 0.5656 
191 PBI09C038-BC-DH24 0.7192 0.7313 0.4931 
192 PBI09C039-BC-DH53 0.811 0.7125 0.5657 
193 PBI09C039-BC-DH60 0.797 0.7295 0.5263 
194 PBI09C043-BC-DH22 0.8137 0.7152 0.5285 
195 PBI09C043-BC-DH44 0.7238 0.6809 0.4219 
196 PBI09C045-BC-DH20 0.8197 0.7134 0.4534 
197 PBI09C045-BC-DH21 0.7667 0.6801 0.5014 
198 PBI09C049-BC-DH1 0.6638 0.7213 0.4925 
199 PBI09C049-BC-DH5 0.6081 0.5633 0.3961 
200 PBI09C049-BC-DH6 0.7301 0.7188 0.5068 
201 PBI09C001-BC-DH10 1.2436 0.7009 0.6002 
202 PBI09C001-BC-DH100 0.7368 0.7272 0.5534 
203 PBI09C001-BC-DH14 0.7995 0.7023 0.558 
204 PBI09C001-BC-DH16 0.7471 0.7293 0.6026 
205 PBI09C001-BC-DH17 0.7798 0.7039 0.5604 
206 PBI09C001-BC-DH25 0.7696 0.7068 0.5822 
207 PBI09C001-BC-DH26 0.8555 0.716 0.5434 
208 PBI09C001-BC-DH29 0.7982 0.6948 0.6161 
209 PBI09C001-BC-DH30 0.9299 0.6935 0.5682 
210 PBI09C001-BC-DH31 0.7889 0.7071 0.5464 
211 PBI09C001-BC-DH38 0.7503 0.702 0.5923 
212 PBI09C001-BC-DH39 0.7559 0.6856 0.49 
213 PBI09C001-BC-DH44 0.798 0.7143 0.6114 
214 PBI09C001-BC-DH45 0.7675 0.7025 0.5901 
215 PBI09C001-BC-DH47 0.7867 0.725 0.5813 
216 PBI09C001-BC-DH49 0.8203 0.6883 0.4831 
217 PBI09C001-BC-DH51 0.8023 0.7126 0.5498 
218 PBI09C001-BC-DH52 0.6758 0.6488 0.5434 
219 PBI09C001-BC-DH54 0.7742 0.6441 0.5161 
220 PBI09C001-BC-DH60 0.7524 0.7072 0.5744 
221 PBI09C001-BC-DH67 0.8278 0.7178 0.5527 
222 PBI09C001-BC-DH68 0.7994 0.7323 0.5734 
223 PBI09C001-BC-DH69 0.7647 0.6839 0.537 
224 PBI09C001-BC-DH7 0.7818 0.7059 0.5719 
225 PBI09C001-BC-DH71 0.8039 0.7186 0.6158 
226 PBI09C001-BC-DH73 0.7697 0.6787 0.5563 
227 PBI09C001-BC-DH74 0.7894 0.7069 0.5537 
228 PBI09C001-BC-DH75 0.7924 0.715 0.5247 
229 PBI09C001-BC-DH76 0.6765 0.7204 0.5694 
230 PBI09C001-BC-DH78 0.76 0.6628 0.5203 
231 PBI09C001-BC-DH82 0.7707 0.687 0.6119 
232 PBI09C001-BC-DH83 0.81 0.6871 0.572 
233 PBI09C001-BC-DH84 0.7736 0.6949 0.5245 
234 PBI09C001-BC-DH85 0.8252 0.7191 0.545 
235 PBI09C001-BC-DH88 0.7813 0.7102 0.5679 
236 PBI09C001-BC-DH90 0.7838 0.6845 0.5498 
237 PBI09C001-BC-DH99 0.7607 0.6743 0.4911 
238 PBI09C002-BC-DH14 0.7157 0.6496 0.482 
239 PBI09C002-BC-DH21 0.6786 0.6502 0.4868 
240 PBI09C002-BC-DH9 0.7523 0.6788 0.5498 
241 PBI09C004-BC-DH101 0.7724 0.7039 0.5259 
242 PBI09C004-BC-DH114 0.7921 0.727 0.5892 
243 PBI09C004-BC-DH119 0.8007 0.7052 0.5294 
244 PBI09C004-BC-DH121 0.7727 0.7183 0.5752 
245 PBI09C004-BC-DH124 0.7873 0.6924 0.5731 
246 PBI09C004-BC-DH125 0.7262 0.6735 0.5161 
247 PBI09C004-BC-DH2 0.7754 0.7262 0.5563 
248 PBI09C004-BC-DH20 0.7853 0.7209 0.5013 
249 PBI09C004-BC-DH29 0.7758 0.6985 0.5523 
250 PBI09C004-BC-DH35 0.8025 0.7282 0.5934 
251 PBI09C004-BC-DH37 0.8192 0.6929 0.5297 
252 PBI09C004-BC-DH41 0.7739 0.6796 0.5523 
253 PBI09C004-BC-DH46 0.7668 0.7181 0.5666 
254 PBI09C004-BC-DH54 0.8181 0.6723 0.5743 
255 PBI09C004-BC-DH66 0.5855 0.6727 0.5506 
256 PBI09C004-BC-DH68 0.7784 0.6892 0.5723 
257 PBI09C004-BC-DH71 0.716 0.7075 0.5209 
258 PBI09C004-BC-DH79 0.7909 0.707 0.5034 
259 PBI09C004-BC-DH8 0.7795 0.6942 0.5486 
260 PBI09C004-BC-DH80 0.8007 0.7503 0.584 
261 PBI09C004-BC-DH81 0.7585 0.7315 0.5229 
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262 PBI09C004-BC-DH85 0.7332 0.6999 0.5633 
263 PBI09C004-BC-DH91 0.775 0.706 0.5052 
264 PBI09C004-BC-DH93 0.7577 0.6819 0.5389 
265 PBI09C008-BC-DH12 0.7678 0.7291 0.5259 
266 PBI09C008-BC-DH14 0.7565 0.7067 0.5163 
267 PBI09C008-BC-DH18 0.7807 0.7123 0.535 
268 PBI09C008-BC-DH21 0.7241 0.6963 0.494 
269 PBI09C008-BC-DH22 0.7926 0.7294 0.5537 
270 PBI09C008-BC-DH24 0.747 0.6804 0.504 
271 PBI09C008-BC-DH25 0.7732 0.6914 0.5484 
272 PBI09C008-BC-DH27 0.8045 0.7308 0.4994 
273 PBI09C008-BC-DH28 0.8051 0.692 0.5392 
274 PBI09C008-BC-DH33 0.8131 0.6932 0.513 
275 PBI09C008-BC-DH34 0.784 0.697 0.4917 
276 PBI09C008-BC-DH38 0.7688 0.7193 0.5498 
277 PBI09C009-BC-DH10 0.7442 0.7102 0.5144 
278 PBI09C009-BC-DH22 0.7959 0.7154 0.5152 
279 PBI09C009-BC-DH24 0.8147 0.7089 0.4635 
280 PBI09C009-BC-DH28 0.7976 0.7185 0.5034 
281 PBI09C009-BC-DH3 0.8137 0.7133 0.5435 
282 PBI09C009-BC-DH32 0.8211 0.7111 0.5536 
283 PBI09C009-BC-DH33 0.7665 0.7253 0.5018 
284 PBI09C009-BC-DH38 0.7998 0.7247 0.5613 
285 PBI09C009-BC-DH39 0.767 0.6612 0.4996 
286 PBI09C009-BC-DH40 0.7524 0.6845 0.5969 
287 PBI09C009-BC-DH42 0.6844 0.7059 0.517 
288 PBI09C009-BC-DH46 0.7368 0.7013 0.5026 
289 PBI09C009-BC-DH5 0.8032 0.7099 0.5074 
290 PBI09C009-BC-DH53 0.7589 0.6898 0.4978 
291 PBI09C009-BC-DH54 0.7927 0.6914 0.4815 
292 PBI09C009-BC-DH59 0.7998 0.75 0.5504 
293 PBI09C009-BC-DH6 0.7524 0.7361 0.5687 
294 PBI09C009-BC-DH61 0.8051 0.7066 0.5217 
295 PBI09C009-BC-DH69 0.8311 0.7131 0.5051 
296 PBI09C009-BC-DH73 0.8521 0.7085 0.522 
297 PBI09C009-BC-DH79 0.7191 0.7199 0.4791 
298 PBI09C009-BC-DH83 0.7997 0.702 0.5777 
299 PBI09C009-BC-DH91 0.728 0.6949 0.498 
300 PBI09C009-BC-DH97 0.8282 0.7169 0.5347 
301 PBI09C009-BC-DH98 0.7918 0.7197 0.5083 
302 PBI09C010-BC-DH14 0.7711 0.6982 0.4659 
303 PBI09C010-BC-DH16 0.7592 0.6945 0.5151 
304 PBI09C010-BC-DH17 0.7413 0.7037 0.4525 
305 PBI09C010-BC-DH2 0.7659 0.7117 0.5005 
306 PBI09C010-BC-DH20 0.7547 0.7374 0.5086 
307 PBI09C010-BC-DH5 0.8014 0.666 0.5314 
308 PBI09C016-BC-DH11 * * * 
309 PBI09C016-BC-DH5 0.7933 0.7266 0.5227 
310 PBI09C016-BC-DH6 0.7252 0.6569 0.5615 
311 PBI09C018-BC-DH10 0.7804 0.689 0.5355 
312 PBI09C018-BC-DH12 0.7174 0.7149 0.5678 
313 PBI09C018-BC-DH13 0.7243 0.6726 0.4924 
314 PBI09C018-BC-DH15 0.7499 0.6474 0.5512 
315 PBI09C018-BC-DH16 0.7671 0.7153 0.5485 
316 PBI09C018-BC-DH17 0.7585 0.7023 0.5382 
317 PBI09C018-BC-DH18 0.5785 0.6113 0.4227 
318 PBI09C018-BC-DH22 0.7448 0.6524 0.5315 
319 PBI09C018-BC-DH24 0.7276 0.686 0.561 
320 PBI09C018-BC-DH26 0.7519 0.7095 0.5298 
321 PBI09C018-BC-DH7 0.6998 0.6566 0.567 
322 PBI09C021-BC-DH3 0.8015 0.7379 0.4964 
323 PBI09C021-BC-DH6 0.792 0.732 0.474 
324 PBI09C023-BC-DH1 0.8244 0.7197 0.5592 
325 PBI09C023-BC-DH4 0.769 0.7109 0.5658 
326 PBI09C026-BC-DH100 0.8004 0.7415 0.5435 
327 PBI09C026-BC-DH102 0.735 0.7126 0.5277 
328 PBI09C026-BC-DH103 0.7753 0.7032 0.5333 
329 PBI09C026-BC-DH105 0.79 0.7217 0.5318 
330 PBI09C026-BC-DH107 0.8123 0.7333 0.5708 
331 PBI09C026-BC-DH108 0.798 0.6969 0.5244 
332 PBI09C026-BC-DH109 0.7988 0.6429 0.5106 
333 PBI09C026-BC-DH111 0.807 0.749 0.5926 
334 PBI09C026-BC-DH112 0.7566 0.7411 0.4958 
335 PBI09C026-BC-DH113 0.7354 0.7004 0.4679 
336 PBI09C026-BC-DH116 0.8228 0.72 0.5272 
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337 PBI09C026-BC-DH117 0.7823 0.6995 0.5724 
338 PBI09C026-BC-DH119 0.7259 0.6462 0.4187 
339 PBI09C026-BC-DH120 0.7916 0.696 0.4882 
340 PBI09C026-BC-DH17 0.7655 0.7221 0.544 
341 PBI09C026-BC-DH18 0.8105 0.7032 0.5028 
342 PBI09C026-BC-DH22 0.7742 0.686 0.487 
343 PBI09C026-BC-DH23 0.7912 0.726 0.5276 
344 PBI09C026-BC-DH27 0.7257 0.6725 0.5068 
345 PBI09C026-BC-DH28 0.7506 0.6956 0.4977 
346 PBI09C026-BC-DH29 0.8099 0.7484 0.4436 
347 PBI09C026-BC-DH34 0.7452 0.7003 0.4892 
348 PBI09C026-BC-DH36 0.7058 0.7019 0.516 
349 PBI09C026-BC-DH40 0.7959 0.6965 0.5168 
350 PBI09C026-BC-DH42 0.8069 0.6959 0.538 
351 PBI09C026-BC-DH46 0.7793 0.6961 0.5269 
352 PBI09C026-BC-DH47 0.7471 0.7121 0.5437 
353 PBI09C026-BC-DH54 0.7728 0.7166 0.5704 
354 PBI09C026-BC-DH58 0.7663 0.6739 0.4748 
355 PBI09C026-BC-DH60 0.7237 0.6771 0.4865 
356 PBI09C026-BC-DH61 0.759 0.733 0.5331 
357 PBI09C026-BC-DH62 0.7146 0.6863 0.5045 
358 PBI09C026-BC-DH63 0.7189 0.7155 0.5361 
359 PBI09C026-BC-DH64 0.768 0.7028 0.5452 
360 PBI09C026-BC-DH70 0.7608 0.6804 0.5337 
361 PBI09C026-BC-DH76 0.7537 0.6946 0.5429 
362 PBI09C026-BC-DH78 0.7175 0.7001 0.5369 
363 PBI09C026-BC-DH80 0.7691 0.7374 0.4965 
364 PBI09C026-BC-DH81 0.7918 0.7067 0.5279 
365 PBI09C026-BC-DH82 0.7583 0.7084 0.4981 
366 PBI09C026-BC-DH83 0.7799 0.6723 0.4571 
367 PBI09C026-BC-DH84 0.7474 0.6081 0.5604 
368 PBI09C026-BC-DH85 0.7704 0.7058 0.5269 
369 PBI09C026-BC-DH86 0.7826 0.7224 0.5161 
370 PBI09C026-BC-DH92 0.7215 0.6614 0.51 
371 PBI09C026-BC-DH94 0.6509 0.6792 0.5325 
372 PBI09C026-BC-DH98 0.7654 0.7056 0.5469 
373 PBI09C028-BC-DH11 0.7702 0.7147 0.5454 
374 PBI09C028-BC-DH12 0.7755 0.6813 0.5148 
375 PBI09C028-BC-DH26 0.7802 0.7215 0.5637 
376 PBI09C028-BC-DH48 0.7196 0.6571 0.5102 
377 PBI09C028-BC-DH49 0.8957 0.7282 0.5242 
378 PBI09C028-BC-DH6 0.8292 0.725 0.5299 
379 PBI09C028-BC-DH8 0.8048 0.7074 0.5157 
380 PBI09C028-BC-DH9 0.7825 0.6825 0.5192 
381 PBI09C034-BC-DH13 0.6273 0.6201 0.4891 
382 PBI09C034-BC-DH18 0.5629 0.645 0.5212 
383 PBI09C034-BC-DH28 0.7 0.6657 0.5276 
384 PBI09C035-BC-DH27 0.7661 0.6975 0.4916 
385 PBI09C035-BC-DH32 0.7333 0.6461 0.5968 
386 PBI09C038-BC-DH16 0.7543 0.6896 0.5512 
387 PBI09C038-BC-DH19 0.7562 0.7267 0.4883 
388 PBI09C038-BC-DH8 0.7882 0.7533 0.5067 
389 PBI09C039-BC-DH1 0.7928 0.682 0.4835 
390 PBI09C039-BC-DH10 0.7758 0.7255 0.5139 
391 PBI09C039-BC-DH11 0.7166 0.7212 0.5549 
392 PBI09C039-BC-DH14 0.7881 0.7203 0.4432 
393 PBI09C039-BC-DH16 0.7571 0.6741 0.4807 
394 PBI09C039-BC-DH17 0.7868 0.7402 0.5303 
395 PBI09C039-BC-DH18 0.7378 0.7227 0.5869 
396 PBI09C039-BC-DH19 0.7495 0.716 0.5442 
397 PBI09C039-BC-DH20 0.7749 0.6888 0.5572 
398 PBI09C039-BC-DH22 0.6937 0.6382 0.4922 
399 PBI09C039-BC-DH23 0.7616 0.6981 0.5091 
400 PBI09C039-BC-DH27 0.6873 0.7209 0.5412 
401 PBI09C039-BC-DH28 0.9099 0.6758 0.5867 
402 PBI09C039-BC-DH29 0.7604 0.6974 0.4275 
403 PBI09C039-BC-DH3 0.9398 0.7108 0.5692 
404 PBI09C039-BC-DH30 0.7845 0.7207 0.435 
405 PBI09C039-BC-DH31 0.771 0.7144 0.5462 
406 PBI09C039-BC-DH32 0.731 0.6957 0.5003 
407 PBI09C039-BC-DH33 0.8183 0.7331 0.5532 
408 PBI09C039-BC-DH34 0.7566 0.6799 0.5724 
409 PBI09C039-BC-DH35 0.7695 0.7031 0.529 
410 PBI09C039-BC-DH36 0.7762 0.7157 0.5038 
411 PBI09C039-BC-DH38 0.8066 0.7211 0.4738 
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412 PBI09C039-BC-DH39 0.7752 0.7319 0.5027 
413 PBI09C039-BC-DH4 0.6739 0.6195 0.5712 
414 PBI09C039-BC-DH41 0.8115 0.705 0.4672 
415 PBI09C039-BC-DH44 0.6836 0.7111 0.4676 
416 PBI09C039-BC-DH49 0.7728 0.6898 0.5269 
417 PBI09C039-BC-DH5 0.7218 0.6865 0.5919 
418 PBI09C039-BC-DH50 0.7386 0.6826 0.5469 
419 PBI09C039-BC-DH51 0.7584 0.7254 0.4905 
420 PBI09C039-BC-DH56 0.8096 0.7413 0.5189 
421 PBI09C039-BC-DH58 0.7664 0.7032 0.5299 
422 PBI09C039-BC-DH59 0.7099 0.6487 0.4241 
423 PBI09C039-BC-DH6 0.7908 0.7178 0.5714 
424 PBI09C039-BC-DH62 0.7375 0.7006 0.5142 
425 PBI09C039-BC-DH64 0.7575 0.7298 0.5233 
426 PBI09C039-BC-DH65 0.7755 0.7167 0.5618 
427 PBI09C039-BC-DH67 0.748 0.7275 0.5644 
428 PBI09C039-BC-DH7 0.8176 0.7089 0.5897 
429 PBI09C039-BC-DH71 0.7561 0.7182 0.5457 
430 PBI09C039-BC-DH72 0.8318 0.7441 0.506 
431 PBI09C039-BC-DH74 0.7766 0.6996 0.5755 
432 PBI09C039-BC-DH75 0.7949 0.7137 0.5134 
433 PBI09C039-BC-DH8 0.778 0.6869 0.4879 
434 PBI09C039-BC-DH80 0.6039 0.7368 0.5461 
435 PBI09C039-BC-DH82 0.7416 0.7094 0.3466 
436 PBI09C039-BC-DH84 0.7372 0.7113 0.4586 
437 PBI09C039-BC-DH85 0.5951 0.5975 0.4335 
438 PBI09C039-BC-DH90 0.7908 0.7186 0.4299 
439 PBI09C039-BC-DH91 0.7072 0.6998 0.5361 
440 PBI09C039-BC-DH92 0.7797 0.6894 0.4918 
441 PBI09C039-BC-DH93 0.7178 0.72 0.4436 
442 PBI09C039-BC-DH94 0.7542 0.6758 0.552 
443 PBI09C043-BC-DH1 0.8422 0.7244 0.5117 
444 PBI09C043-BC-DH13 0.7785 0.6896 0.5362 
445 PBI09C043-BC-DH16 0.8004 0.6988 0.5181 
446 PBI09C043-BC-DH18 0.7076 0.6404 0.5097 
447 PBI09C043-BC-DH19 0.8054 0.7062 0.5503 
448 PBI09C043-BC-DH2 0.7959 0.6978 0.5108 
449 PBI09C043-BC-DH20 0.5974 0.6445 0.4948 
450 PBI09C043-BC-DH23 0.8222 0.6851 0.5117 
451 PBI09C043-BC-DH25 0.7906 0.6853 0.4759 
452 PBI09C043-BC-DH27 0.7975 0.7035 0.5209 
453 PBI09C043-BC-DH29 0.8164 0.6824 0.531 
454 PBI09C043-BC-DH30 0.7635 0.6858 0.5268 
455 PBI09C043-BC-DH33 0.7826 0.6655 0.5209 
456 PBI09C043-BC-DH34 0.7798 0.6376 0.4867 
457 PBI09C043-BC-DH36 0.7821 0.691 0.5208 
458 PBI09C043-BC-DH37 * * * 
459 PBI09C043-BC-DH38 0.7777 0.6869 0.5297 
460 PBI09C043-BC-DH40 0.7691 0.6889 0.5275 
461 PBI09C043-BC-DH41 0.8079 0.7148 0.5128 
462 PBI09C043-BC-DH47 0.7986 0.6789 0.5552 
463 PBI09C043-BC-DH49 0.7343 0.6819 0.523 
464 PBI09C043-BC-DH5 0.7433 0.6572 0.5398 
465 PBI09C043-BC-DH50 0.7791 0.7271 0.4999 
466 PBI09C043-BC-DH53 0.7811 0.688 0.5304 
467 PBI09C043-BC-DH54 0.7317 0.6919 0.4651 
468 PBI09C043-BC-DH57 0.6797 0.6952 0.5731 
469 PBI09C043-BC-DH6 0.766 0.7055 0.5551 
470 PBI09C043-BC-DH67 0.7619 0.6692 0.5026 
471 PBI09C043-BC-DH8 0.7337 0.6973 0.4249 
472 PBI09C045-BC-DH10 0.6648 0.6621 0.5619 
473 PBI09C045-BC-DH3 0.7717 0.6547 0.4368 
474 PBI09C045-BC-DH8 0.5843 0.6339 0.4252 
475 PBI09C048-BC-DH23 0.7029 0.623 0.5428 
476 PBI09C048-BC-DH39 0.7653 0.6286 0.4569 
477 PBI09C048-BC-DH40 0.6753 0.6731 0.6053 
478 PBI09C048-BC-DH8 0.7489 0.5972 0.5665 
479 PBI09C049-BC-DH2 0.7678 0.7182 0.5455 
480 PBI09C049-BC-DH3 0.6946 0.6881 0.5618 
 
Grand Means 0.7644 0.6989 0.5267 
 
SED 0.07282 0.03499 0.04781 
 
LSD (5%) 0.1608 0.09813 0.09798 
  %CV 8.77 5.85 7.75 
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Table 10: Mean of normalize difference vegetative index (NDVI) for 2 stages (Z49-Z59, 
heading; Z73, grain filling) in 2 environments E2-E3 (2014) 
  Normalized difference vegetative index         
Entry   
 
E2   E3   
number Genotype/Designation Z51-Z59 Z71-73 Z51-Z59 Z73 
1 Berkut 0.7019 0.5937 0.6938 0.6674 
2 SOKOLL 0.6978 0.594 0.6941 0.7014 
3 2-49/CUNNINGHAM//KENNEDY 0.7089 0.6437 0.7089 0.6861 
4 T.DICOCCONP194625/AE.SQUARROSA 0.7407 0.6384 0.7157 0.692 
5 PBW502 0.7247 0.5694 0.702 0.6929 
6 PBW550 0.7413 0.5579 0.6896 0.6522 
7 DBW16 0.694 0.5654 0.7035 0.6832 
8 DBW17 0.713 0.5912 0.7205 0.6814 
9 Sunlin 0.7572 0.6394 0.7337 0.7026 
10 Waxwing*2/Kiritati * * * * 
11 SUNTOP 0.7127 0.6649 0.6902 0.7149 
12 EGA-Gregory 0.7205 0.6402 0.7063 0.6839 
13 Spitfire 0.7296 0.6236 0.7137 0.6828 
14 PBI09C001-BC-DH1 0.7253 0.6344 0.7332 0.7132 
15 PBI09C001-BC-DH9 0.7292 0.6556 0.6926 0.6414 
16 PBI09C001-BC-DH33 0.721 0.6687 0.7268 0.7046 
17 PBI09C001-BC-DH58 0.725 0.6489 0.7185 0.7317 
18 PBI09C001-BC-DH64 0.7157 0.6161 0.7099 0.723 
19 PBI09C001-BC-DH89 0.7096 0.6487 0.7205 0.7049 
20 PBI09C001-BC-DH98 0.7242 0.6372 0.7193 0.7185 
21 PBI09C002-BC-DH1 0.7405 0.6592 0.7391 0.7059 
22 PBI09C002-BC-DH5 0.7146 0.6219 0.7067 0.7114 
23 PBI09C002-BC-DH20 0.7046 0.6488 0.7057 0.7058 
24 PBI09C004-BC-DH23 0.7266 0.6362 0.713 0.6651 
25 PBI09C004-BC-DH24 0.7273 0.6462 0.7208 0.7129 
26 PBI09C004-BC-DH74 0.7336 0.6396 0.7224 0.6845 
27 PBI09C004-BC-DH76 0.7388 0.6591 0.7184 0.7227 
28 PBI09C004-BC-DH78 0.7279 0.601 0.7083 0.7234 
29 PBI09C004-BC-DH106 0.7036 0.6317 0.7151 0.7082 
30 PBI09C004-BC-DH117 0.7024 0.6183 0.7172 0.7238 
31 PBI09C004-BC-DH118 0.7532 0.6147 0.7398 0.709 
32 PBI09C008-BC-DH1 0.7091 0.569 0.7054 0.651 
33 PBI09C008-BC-DH8 0.7451 0.6176 0.721 0.6858 
34 PBI09C008-BC-DH19 0.7205 0.5951 0.7386 0.6638 
35 PBI09C008-BC-DH20 0.7256 0.603 0.7326 0.6452 
36 PBI09C008-BC-DH23 0.731 0.5946 0.7335 0.6868 
37 PBI09C008-BC-DH26 0.7158 0.6076 0.7076 0.6755 
38 PBI09C008-BC-DH30 0.7163 0.6019 0.7279 0.635 
39 PBI09C008-BC-DH31 0.7232 0.6118 0.7116 0.6979 
40 PBI09C008-BC-DH32 0.7042 0.5875 0.7115 0.6562 
41 PBI09C008-BC-DH35 0.7247 0.6065 0.7221 0.6744 
42 PBI09C008-BC-DH39 0.7161 0.5832 0.7225 0.6624 
43 PBI09C008-BC-DH40 0.7265 0.6015 0.7502 0.6666 
44 PBI09C009-BC-DH2 0.69 0.6059 0.7264 0.6445 
45 PBI09C009-BC-DH16 0.703 0.569 0.7037 0.6659 
46 PBI09C009-BC-DH17 0.7007 0.5481 0.7021 0.6814 
47 PBI09C009-BC-DH25 0.7232 0.6 0.7376 0.6799 
48 PBI09C009-BC-DH57 0.7088 0.6056 0.7037 0.6789 
49 PBI09C009-BC-DH71 0.7381 0.6094 0.7171 0.6693 
50 PBI09C009-BC-DH76 0.7305 0.6271 0.7074 0.6875 
51 PBI09C009-BC-DH84 0.7235 0.5711 0.741 0.6786 
52 PBI09C009-BC-DH86 0.704 0.5896 0.7067 0.6821 
53 PBI09C009-BC-DH89 0.7375 0.5621 0.7238 0.6727 
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54 PBI09C010-BC-DH1 0.7031 0.5982 0.7401 0.6806 
55 PBI09C010-BC-DH3 0.7154 0.6159 0.7235 0.6955 
56 PBI09C010-BC-DH4 0.7164 0.5831 0.7222 0.669 
57 PBI09C010-BC-DH7 0.7318 0.6112 0.7403 0.6817 
58 PBI09C010-BC-DH8 0.7116 0.5826 0.7388 0.6889 
59 PBI09C010-BC-DH9 0.7164 0.5803 0.7317 0.6567 
60 PBI09C010-BC-DH10 0.7403 0.603 0.7302 0.6671 
61 PBI09C010-BC-DH13 0.7224 0.6079 0.7224 0.6822 
62 PBI09C010-BC-DH15 0.7316 0.5988 0.7355 0.6571 
63 PBI09C010-BC-DH18 0.7029 0.5859 0.7501 0.6499 
64 PBI09C010-BC-DH19 0.7303 0.5975 0.7371 0.6726 
65 PBI09C016-BC-DH4 0.6992 0.608 0.7073 0.6844 
66 PBI09C018-BC-DH2 0.6901 0.5661 0.697 0.63 
67 PBI09C018-BC-DH5 0.7021 0.5658 0.6905 0.6991 
68 PBI09C018-BC-DH6 0.6908 0.609 0.7081 0.6634 
69 PBI09C018-BC-DH9 0.7192 0.5878 0.7032 0.646 
70 PBI09C018-BC-DH11 0.7203 0.5767 0.7029 0.6701 
71 PBI09C018-BC-DH20 0.7357 0.5914 0.6914 0.6634 
72 PBI09C018-BC-DH29 0.736 0.5875 0.671 0.6763 
73 PBI09C021-BC-DH5 0.708 0.6007 0.7383 0.6832 
74 PBI09C021-BC-DH7 0.7281 0.6031 0.7217 0.6771 
75 PBI09C023-BC-DH2 0.7229 0.6162 0.7274 0.6673 
76 PBI09C023-BC-DH3 0.7232 0.5931 0.7177 0.6523 
77 PBI09C026-BC-DH21 0.7192 0.5884 0.732 0.664 
78 PBI09C026-BC-DH31 0.7247 0.5794 0.6971 0.6695 
79 PBI09C026-BC-DH66 0.7217 0.6014 0.7151 0.6507 
80 PBI09C026-BC-DH73 0.7166 0.5741 0.7108 0.6711 
81 PBI09C026-BC-DH87 0.7097 0.5549 0.7026 0.6513 
82 PBI09C026-BC-DH91 0.7486 0.5705 0.714 0.6732 
83 PBI09C026-BC-DH99 0.7249 0.5406 0.7131 0.6838 
84 PBI09C026-BC-DH110 0.7329 0.5396 0.745 0.6724 
85 PBI09C026-BC-DH114 0.7031 0.5777 0.7076 0.6693 
86 PBI09C028-BC-DH2 0.7273 0.5757 0.6872 0.6937 
87 PBI09C028-BC-DH3 0.7333 0.5782 0.7092 0.6703 
88 PBI09C028-BC-DH5 0.7419 0.5442 0.714 0.6812 
89 PBI09C028-BC-DH7 0.7245 0.5633 0.6947 0.6768 
90 PBI09C028-BC-DH10 0.7305 0.5856 0.7018 0.6684 
91 PBI09C028-BC-DH17 0.7143 0.5414 0.7109 0.6593 
92 PBI09C028-BC-DH27 0.7207 0.6038 0.6987 0.6688 
93 PBI09C028-BC-DH32 0.7087 0.5864 0.7202 0.677 
94 PBI09C028-BC-DH37 0.7274 0.5724 0.7221 0.6555 
95 PBI09C028-BC-DH38 0.7296 0.5637 0.7214 0.6824 
96 PBI09C028-BC-DH44 0.7232 0.5713 0.6969 0.6715 
97 PBI09C028-BC-DH54 0.7328 0.5551 0.6958 0.6512 
98 PBI09C034-BC-DH9 0.7209 0.584 0.7058 0.6631 
99 PBI09C034-BC-DH17 0.6811 0.5969 0.7041 0.7004 
100 PBI09C034-BC-DH23 0.6939 0.5698 0.7185 0.674 
101 PBI09C034-BC-DH27 0.7054 0.5586 0.6787 0.6587 
102 PBI09C034-BC-DH29 0.7405 0.5918 0.6992 0.6973 
103 PBI09C034-BC-DH30 0.7142 0.6052 0.7067 0.6863 
104 PBI09C034-BC-DH33 0.6932 0.5864 0.7063 0.6666 
105 PBI09C034-BC-DH34 0.7122 0.6182 0.6785 0.6289 
106 PBI09C035-BC-DH2 0.7222 0.5743 0.7036 0.6759 
107 PBI09C035-BC-DH3 0.7208 0.5622 0.7138 0.6572 
108 PBI09C035-BC-DH7 0.7085 0.5955 0.707 0.6927 
109 PBI09C035-BC-DH11 0.727 0.5965 0.6996 0.6943 
110 PBI09C035-BC-DH13 0.6791 0.5736 0.6943 0.6678 
111 PBI09C035-BC-DH21 0.7224 0.615 0.704 0.6539 
112 PBI09C035-BC-DH25 0.7465 0.6044 0.6968 0.6889 
113 PBI09C035-BC-DH26 0.6875 0.5759 0.6803 0.6425 
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114 PBI09C035-BC-DH28 0.6845 0.5534 0.6802 0.6735 
115 PBI09C035-BC-DH37 0.6931 0.5504 0.7067 0.6817 
116 PBI09C035-BC-DH41 0.7099 0.5723 0.7013 0.6428 
117 PBI09C038-BC-DH7 0.7404 0.5925 0.6901 0.7051 
118 PBI09C038-BC-DH9 0.7253 0.5715 0.726 0.6415 
119 PBI09C038-BC-DH10 0.7378 0.5608 0.7205 0.6661 
120 PBI09C038-BC-DH17 0.7289 0.5425 0.7222 0.6933 
121 PBI09C038-BC-DH21 0.7357 0.5605 0.7243 0.6747 
122 PBI09C038-BC-DH22 0.6998 0.559 0.6774 0.6695 
123 PBI09C038-BC-DH23 0.7381 0.5827 0.695 0.6845 
124 PBI09C039-BC-DH9 0.7186 0.5862 0.717 0.6328 
125 PBI09C039-BC-DH26 0.7211 0.5885 0.7077 0.6735 
126 PBI09C039-BC-DH40 0.7392 0.5678 0.7061 0.6919 
127 PBI09C039-BC-DH46 0.7245 0.5645 0.6827 0.6482 
128 PBI09C039-BC-DH47 0.7345 0.5743 0.7151 0.6828 
129 PBI09C039-BC-DH63 0.719 0.5768 0.7088 0.6809 
130 PBI09C039-BC-DH69 0.7279 0.5735 0.7135 0.6697 
131 PBI09C039-BC-DH73 0.7234 0.5565 0.7223 0.6423 
132 PBI09C039-BC-DH78 0.7339 0.59 0.6864 0.6461 
133 PBI09C039-BC-DH81 0.7256 0.5909 0.7109 0.6427 
134 PBI09C039-BC-DH88 0.7092 0.5636 0.717 0.7284 
135 PBI09C043-BC-DH3 0.7398 0.6243 0.7 0.6944 
136 PBI09C043-BC-DH10 0.725 0.5802 0.6986 0.6956 
137 PBI09C043-BC-DH11 0.7383 0.5866 0.7195 0.6755 
138 PBI09C043-BC-DH12 0.7222 0.5923 0.7152 0.7101 
139 PBI09C043-BC-DH14 0.693 0.5984 0.6952 0.6592 
140 PBI09C043-BC-DH15 0.7429 0.5906 0.7064 0.6882 
141 PBI09C043-BC-DH28 0.7026 0.5667 0.7101 0.6849 
142 PBI09C043-BC-DH31 0.7507 0.5763 0.6957 0.6554 
143 PBI09C043-BC-DH48 0.7187 0.5574 0.7255 0.6939 
144 PBI09C043-BC-DH51 0.7127 0.5788 0.7061 0.6605 
145 PBI09C043-BC-DH55 0.7103 0.5707 0.7073 0.6734 
146 PBI09C045-BC-DH2 0.7489 0.5487 0.7071 0.6469 
147 PBI09C045-BC-DH4 0.6965 0.5849 0.7096 0.6971 
148 PBI09C045-BC-DH6 0.7269 0.6252 0.7183 0.652 
149 PBI09C045-BC-DH13 0.7348 0.5529 0.7206 0.6921 
150 PBI09C045-BC-DH15 0.7051 0.5593 0.7151 0.6753 
151 PBI09C045-BC-DH17 0.7219 0.5481 0.7215 0.6728 
152 PBI09C045-BC-DH27 0.7337 0.5618 0.7028 0.6869 
153 PBI09C045-BC-DH28 0.6936 0.5646 0.7239 0.6817 
154 PBI09C045-BC-DH30 0.704 0.5568 0.7103 0.6466 
155 PBI09C045-BC-DH31 0.7282 0.5894 0.7078 0.6338 
156 PBI09C049-BC-DH4 0.7212 0.6265 0.6826 0.7118 
157 PBI09C051-BC-DH4 0.701 0.6368 0.7033 0.665 
158 PBI09C001-BC-DH8 0.7086 0.6183 0.7191 0.6913 
159 PBI09C001-BC-DH46 0.7224 0.6183 0.7302 0.7017 
160 PBI09C001-BC-DH61 0.7276 0.6476 0.7329 0.7187 
161 PBI09C001-BC-DH79 0.7078 0.596 0.7026 0.7039 
162 PBI09C001-BC-DH80 0.7194 0.6571 0.7197 0.7105 
163 PBI09C001-BC-DH86 0.7349 0.6365 0.7139 0.7212 
164 PBI09C002-BC-DH6 0.7338 0.6227 0.725 0.729 
165 PBI09C002-BC-DH8 0.736 0.6343 0.7304 0.7111 
166 PBI09C004-BC-DH1 0.7315 0.6306 0.7276 0.7062 
167 PBI09C004-BC-DH51 0.7287 0.6347 0.6934 0.6945 
168 PBI09C008-BC-DH7 0.7238 0.5756 0.7358 0.6669 
169 PBI09C008-BC-DH17 0.6961 0.5655 0.7196 0.6673 
170 PBI09C009-BC-DH1 0.7276 0.5872 0.7408 0.6729 
171 PBI09C009-BC-DH29 0.7367 0.6214 0.7236 0.661 
172 PBI09C009-BC-DH30 0.7166 0.6152 0.7104 0.7033 
173 PBI09C009-BC-DH52 0.7137 0.5827 0.7289 0.6675 
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174 PBI09C009-BC-DH56 0.7064 0.5963 0.7213 0.6812 
175 PBI09C016-BC-DH7 0.7297 0.5724 0.6823 0.6312 
176 PBI09C018-BC-DH4 0.7127 0.5895 0.6855 0.6755 
177 PBI09C018-BC-DH8 0.7205 0.5817 0.6999 0.6684 
178 PBI09C021-BC-DH4 0.7411 0.6197 0.7176 0.6905 
179 PBI09C021-BC-DH19 0.7493 0.6086 0.7503 0.6773 
180 PBI09C026-BC-DH39 0.7243 0.6007 0.7108 0.6571 
181 PBI09C026-BC-DH65 0.7217 0.5478 0.7001 0.6754 
182 PBI09C026-BC-DH71 0.7399 0.5752 0.704 0.6195 
183 PBI09C026-BC-DH88 0.7186 0.5843 0.694 0.6829 
184 PBI09C028-BC-DH18 0.7396 0.5634 0.6973 0.6866 
185 PBI09C034-BC-DH19 0.6914 0.5372 0.6942 0.6724 
186 PBI09C034-BC-DH21 0.7203 0.601 0.711 0.6783 
187 PBI09C035-BC-DH20 0.7321 0.59 0.6951 0.6865 
188 PBI09C035-BC-DH22 0.7303 0.5928 0.6929 0.6696 
189 PBI09C038-BC-DH1 0.7309 0.5723 0.7158 0.6696 
190 PBI09C038-BC-DH4 0.7242 0.5642 0.6838 0.6699 
191 PBI09C038-BC-DH24 0.7235 0.5532 0.7018 0.6637 
192 PBI09C039-BC-DH53 0.7421 0.5995 0.7345 0.6521 
193 PBI09C039-BC-DH60 0.73 0.5874 0.7187 0.6661 
194 PBI09C043-BC-DH22 0.7342 0.6095 0.7132 0.6622 
195 PBI09C043-BC-DH44 0.7079 0.5742 0.7104 0.6697 
196 PBI09C045-BC-DH20 0.7404 0.6075 0.724 0.6622 
197 PBI09C045-BC-DH21 0.7301 0.6004 0.6774 0.6844 
198 PBI09C049-BC-DH1 0.7226 0.5778 0.6927 0.6818 
199 PBI09C049-BC-DH5 0.716 0.5939 0.6948 0.6909 
200 PBI09C049-BC-DH6 0.7242 0.6001 0.7026 0.6671 
 
Grand Means 0.72102 0.5926 0.71168 0.67719 
 
Standard error 0.02457 0.02705 0.0182 0.03 
 
LSD (5%) (Genotype x Environment) 0.042544 0.05637 0.042544 0.05637 
 
LSD (5%) (Genotype) 0.0485 0.0533 0.036 0.0596 
  %CV 3.4 4.6 2.6 4.5 
 
 
Table 11: Mean of normalize difference vegetative index (NDVI) for 3 stages (Z22, 
tillering;Z33, stem elongation; Z55-Z65, head to flowering) in 2 environments (2015) 
  Normalized difference vegetative index             
Entry    
 
E4     E5     
number Genotype/Designation Z22 Z33 Z55-Z65 Z22 Z33 Z55-Z65 
1 Berkut 0.7183 0.7699 0.6955 0.5816 0.7415 0.7052 
2 SOKOLL 0.4209 0.739 0.6696 0.5218 0.7382 0.7192 
3 2-49/CUNNINGHAM//KENNEDY 0.5263 0.7633 0.6574 0.4912 0.7228 0.7255 
4 T.DICOCCONP194625/AE.SQUARROSA 0.4914 0.8178 0.7114 0.4323 0.7811 0.7968 
5 PBW502 0.6931 0.7698 0.6656 0.3785 0.7691 0.7037 
6 PBW550 0.5703 0.7767 0.7151 0.3856 0.7481 0.7065 
7 DBW16 0.4316 0.775 0.6943 0.5989 0.7563 0.7273 
8 DBW17 0.5497 0.7714 0.6923 0.4218 0.7446 0.7113 
9 Sunlin 0.6152 0.8162 0.741 0.522 0.7523 0.8332 
10 Waxwing*2/Kiritati 0.5174 0.8013 0.6986 0.4188 0.7734 0.7335 
11 SUNTOP 0.5755 0.7691 0.7009 0.7383 0.7519 0.7474 
12 EGA-Gregory 0.562 0.77 0.6752 0.532 0.7703 0.7057 
13 Spitfire 0.5092 0.8026 0.7218 0.6285 0.7537 0.7172 
14 PBI09C001-BC-DH1 0.6433 0.7784 0.6869 0.5439 0.7665 0.7121 
15 PBI09C001-BC-DH9 0.5855 0.8052 0.6677 0.4612 0.7679 0.6968 
16 PBI09C001-BC-DH33 0.1728 * 0.6772 0.5372 0.7627 0.75 
17 PBI09C001-BC-DH58 0.577 0.7648 0.6807 0.5559 0.7624 0.6958 
18 PBI09C001-BC-DH64 0.487 0.7823 0.6934 0.5453 0.7706 0.7328 
19 PBI09C001-BC-DH89 0.5844 0.7814 0.7314 0.534 0.7589 0.7265 
20 PBI09C001-BC-DH98 0.5784 0.763 0.707 0.5172 0.7431 0.7079 
21 PBI09C002-BC-DH1 0.4491 0.7823 0.6989 0.6111 0.7915 0.7306 
22 PBI09C002-BC-DH5 0.4694 0.7835 0.6935 0.5294 0.7729 0.7122 
23 PBI09C002-BC-DH20 0.5577 0.7392 0.6738 0.4937 0.7424 0.6684 
24 PBI09C004-BC-DH23 0.4522 0.7707 0.6969 0.5624 0.7713 0.7346 
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25 PBI09C004-BC-DH24 0.5557 0.7813 0.684 0.5227 0.7527 0.7091 
26 PBI09C004-BC-DH74 0.5531 0.7703 0.6935 0.5665 0.75 0.7256 
27 PBI09C004-BC-DH76 0.4875 0.7765 0.6918 0.5664 0.7577 0.7285 
28 PBI09C004-BC-DH78 0.409 0.7785 0.714 0.5829 0.7442 0.6892 
29 PBI09C004-BC-DH106 0.4834 0.7663 0.6872 0.5486 0.7547 0.6952 
30 PBI09C004-BC-DH117 0.5616 0.7904 0.6728 0.561 0.7713 0.7049 
31 PBI09C004-BC-DH118 0.4899 0.7715 0.6754 0.6903 0.7528 0.7178 
32 PBI09C008-BC-DH1 0.529 0.7708 0.687 0.6242 0.7416 0.7135 
33 PBI09C008-BC-DH8 0.5909 0.7776 0.6666 0.5452 0.7609 0.7095 
34 PBI09C008-BC-DH19 0.4956 0.785 0.6617 0.5412 0.7612 0.6536 
35 PBI09C008-BC-DH20 0.6047 0.7694 0.6594 0.5859 0.7521 0.6938 
36 PBI09C008-BC-DH23 0.4534 0.77 0.6676 0.5422 0.7616 0.7107 
37 PBI09C008-BC-DH26 0.5225 0.7853 0.684 0.4771 0.76 0.7074 
38 PBI09C008-BC-DH30 0.4154 0.7886 0.6457 0.522 0.7545 0.7216 
39 PBI09C008-BC-DH31 0.5345 0.7699 0.6778 0.604 0.7358 0.7314 
40 PBI09C008-BC-DH32 0.47 0.79 0.6723 0.5124 0.7673 0.754 
41 PBI09C008-BC-DH35 0.4805 0.7832 0.6864 0.5728 0.7503 0.6783 
42 PBI09C008-BC-DH39 0.5452 0.7822 0.6463 0.5427 0.7626 0.6979 
43 PBI09C008-BC-DH40 0.5459 0.7776 0.6827 0.5933 0.7417 0.6666 
44 PBI09C009-BC-DH2 0.5975 0.7733 0.6742 0.5122 0.7413 0.7147 
45 PBI09C009-BC-DH16 0.5056 0.7746 0.6682 0.5223 0.7414 0.7113 
46 PBI09C009-BC-DH17 0.6257 0.7566 0.6809 0.572 0.7652 0.6891 
47 PBI09C009-BC-DH25 0.4831 0.7786 0.671 0.4869 0.7456 0.6978 
48 PBI09C009-BC-DH57 0.6265 0.7576 0.6788 0.5526 0.7585 0.7078 
49 PBI09C009-BC-DH71 0.4737 0.7682 0.679 0.5241 0.7339 0.7241 
50 PBI09C009-BC-DH76 0.5888 0.7588 0.671 0.5362 0.766 0.6893 
51 PBI09C009-BC-DH84 0.5718 0.7513 0.6652 0.5835 0.7632 0.6592 
52 PBI09C009-BC-DH86 0.5729 0.7835 0.6746 0.6071 0.7683 0.7208 
53 PBI09C009-BC-DH89 0.5347 0.7598 0.6439 0.5485 0.7464 0.7015 
54 PBI09C010-BC-DH1 0.5706 0.7795 0.6501 0.5474 0.7542 0.6086 
55 PBI09C010-BC-DH3 0.5571 0.785 0.6663 0.5188 0.7738 0.7019 
56 PBI09C010-BC-DH4 0.5404 0.7747 0.6733 0.5169 0.7568 0.6916 
57 PBI09C010-BC-DH7 0.6374 0.7641 0.6573 0.5697 0.7647 0.7007 
58 PBI09C010-BC-DH8 0.4703 0.7656 0.6835 0.6159 0.7582 0.7254 
59 PBI09C010-BC-DH9 0.5149 0.778 0.6872 0.4747 0.7545 0.7367 
60 PBI09C010-BC-DH10 0.5602 0.7821 0.6865 0.4183 0.7783 0.7231 
61 PBI09C010-BC-DH13 * * 0.6855 0.5512 0.7487 0.698 
62 PBI09C010-BC-DH15 0.656 0.7625 0.6837 0.5426 0.756 0.7295 
63 PBI09C010-BC-DH18 0.5413 0.7618 0.6685 0.4954 0.7669 0.7171 
64 PBI09C010-BC-DH19 0.5292 0.7806 0.6516 0.5842 0.7567 0.7169 
65 PBI09C016-BC-DH4 0.6083 0.7633 0.6872 0.53 0.7373 0.6671 
66 PBI09C018-BC-DH2 0.5975 0.7173 0.6546 0.5439 0.7261 0.6784 
67 PBI09C018-BC-DH5 0.6605 0.76 0.6835 0.5249 0.7266 0.6858 
68 PBI09C018-BC-DH6 0.5644 0.759 0.6794 0.6123 0.7462 0.6888 
69 PBI09C018-BC-DH9 0.5694 0.7299 0.6579 0.5733 0.7322 0.7439 
70 PBI09C018-BC-DH11 0.5567 0.7451 0.6706 0.5368 0.715 0.6977 
71 PBI09C018-BC-DH20 0.5592 0.7318 0.6913 0.6652 0.7231 0.7356 
72 PBI09C018-BC-DH29 0.5726 0.7288 0.6868 0.7065 0.7436 0.7301 
73 PBI09C021-BC-DH5 0.464 0.7792 0.6673 0.5624 0.75 0.7206 
74 PBI09C021-BC-DH7 0.4965 0.7823 0.6671 0.5755 0.7711 0.719 
75 PBI09C023-BC-DH2 0.4682 0.7778 0.6937 0.5255 0.7697 0.7221 
76 PBI09C023-BC-DH3 0.5876 0.7498 0.6704 0.5944 0.7487 0.7384 
77 PBI09C026-BC-DH21 0.6017 0.7825 0.6838 0.5352 0.7665 0.6623 
78 PBI09C026-BC-DH31 0.5009 0.7741 0.6587 0.5616 0.7706 0.7391 
79 PBI09C026-BC-DH66 0.5386 0.7942 0.6748 0.5051 0.7763 0.7288 
80 PBI09C026-BC-DH73 0.5529 0.7711 0.6796 0.4479 0.7179 0.6875 
81 PBI09C026-BC-DH87 0.5247 0.7506 0.6852 0.6015 0.764 0.6941 
82 PBI09C026-BC-DH91 0.5237 0.7782 0.6781 0.5453 0.7591 0.7075 
83 PBI09C026-BC-DH99 0.5454 0.7684 0.6631 0.621 0.786 0.6825 
84 PBI09C026-BC-DH110 0.5469 0.7911 0.6895 0.5798 0.7484 0.6919 
85 PBI09C026-BC-DH114 0.4993 0.7615 0.638 0.6381 0.7587 0.6886 
86 PBI09C028-BC-DH2 0.5548 0.7623 0.6998 0.5451 0.7566 0.6893 
87 PBI09C028-BC-DH3 0.5426 0.7602 0.6741 0.5242 0.7576 0.6806 
88 PBI09C028-BC-DH5 0.5146 0.7725 0.6838 0.6147 0.768 0.6895 
89 PBI09C028-BC-DH7 0.566 0.7716 0.6858 0.4625 0.7769 0.7313 
90 PBI09C028-BC-DH10 0.558 0.7762 0.6572 0.5626 0.7508 0.677 
91 PBI09C028-BC-DH17 0.5787 0.7864 0.6796 0.6109 0.7571 0.7262 
92 PBI09C028-BC-DH27 0.5374 0.7787 0.6804 0.5424 0.7712 0.7566 
93 PBI09C028-BC-DH32 0.5055 0.7843 0.652 0.5786 0.7537 0.7344 
94 PBI09C028-BC-DH37 0.5156 0.7918 0.6826 0.5293 0.7875 0.7004 
95 PBI09C028-BC-DH38 0.5141 0.7745 0.6785 0.5523 0.7923 0.7552 
96 PBI09C028-BC-DH44 0.6354 0.7742 0.6667 0.4228 0.7472 0.7042 
97 PBI09C028-BC-DH54 0.5494 0.7919 0.6834 0.5752 0.7757 0.6985 
98 PBI09C034-BC-DH9 0.394 0.7697 0.6771 0.3927 0.7548 0.6808 
99 PBI09C034-BC-DH17 0.3855 0.7733 0.625 0.5421 0.7681 0.7405 
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100 PBI09C034-BC-DH23 0.4827 0.7692 0.6638 0.5409 0.7382 0.6867 
101 PBI09C034-BC-DH27 0.3958 0.7772 0.639 0.4009 0.7733 0.7033 
102 PBI09C034-BC-DH29 0.4974 0.7677 0.6796 0.3754 0.7779 0.6668 
103 PBI09C034-BC-DH30 0.4876 0.7848 0.6649 0.4898 0.7699 0.6983 
104 PBI09C034-BC-DH33 0.4344 0.7643 0.6694 0.5098 0.7685 0.7008 
105 PBI09C034-BC-DH34 0.3464 0.7714 0.6338 0.4087 0.7653 0.7193 
106 PBI09C035-BC-DH2 0.4977 0.7818 0.6533 0.5956 0.7457 0.6884 
107 PBI09C035-BC-DH3 0.5226 0.7636 0.6639 0.4748 0.7579 0.7016 
108 PBI09C035-BC-DH7 0.4267 0.7777 0.6757 0.3757 0.7584 0.7069 
109 PBI09C035-BC-DH11 0.5253 0.7797 0.6588 0.5481 0.7707 0.6947 
110 PBI09C035-BC-DH13 0.4717 0.7815 0.6494 0.4945 0.7536 0.7259 
111 PBI09C035-BC-DH21 0.6203 0.7752 0.6503 0.353 0.7532 0.6621 
112 PBI09C035-BC-DH25 0.6193 0.792 0.6788 0.566 0.7506 0.6117 
113 PBI09C035-BC-DH26 0.3413 0.7633 0.6533 0.4965 0.7702 0.7006 
114 PBI09C035-BC-DH28 0.5509 0.7674 0.6451 0.5882 0.7602 0.7456 
115 PBI09C035-BC-DH37 0.52 0.7793 0.6914 0.4827 0.7835 0.7039 
116 PBI09C035-BC-DH41 0.5701 0.7735 0.6555 0.4303 0.7694 0.7271 
117 PBI09C038-BC-DH7 0.4668 0.766 0.6992 0.3932 0.7639 0.7423 
118 PBI09C038-BC-DH9 0.4963 0.776 0.7036 0.422 0.7428 0.754 
119 PBI09C038-BC-DH10 0.4791 0.7803 0.6809 0.4125 0.7631 0.6869 
120 PBI09C038-BC-DH17 0.5101 0.7672 0.7123 0.456 0.753 0.6906 
121 PBI09C038-BC-DH21 0.4735 0.7837 0.6704 0.5347 0.7569 0.689 
122 PBI09C038-BC-DH22 0.4585 0.779 0.7 0.4938 0.7647 0.7383 
123 PBI09C038-BC-DH23 0.5513 0.7607 0.6965 0.4737 0.766 0.7018 
124 PBI09C039-BC-DH9 0.421 0.7763 0.7023 0.4464 0.7616 0.6704 
125 PBI09C039-BC-DH26 0.5049 0.7907 0.6635 0.4017 0.7583 0.6411 
126 PBI09C039-BC-DH40 0.5049 0.7602 0.682 0.5523 0.7673 0.6984 
127 PBI09C039-BC-DH46 0.5882 0.7688 0.6564 0.5279 0.752 0.7018 
128 PBI09C039-BC-DH47 0.4481 0.7627 0.6826 0.5195 0.7438 0.4381 
129 PBI09C039-BC-DH63 0.3699 0.777 0.6962 0.4487 0.7629 0.7261 
130 PBI09C039-BC-DH69 0.4793 0.7348 0.7029 0.3975 0.7596 0.7288 
131 PBI09C039-BC-DH73 0.5964 0.7747 0.6848 0.4343 0.7774 0.7063 
132 PBI09C039-BC-DH78 0.5247 0.7648 0.6772 0.5029 0.7495 0.7188 
133 PBI09C039-BC-DH81 0.459 0.7646 0.6647 0.4254 0.7713 0.7544 
134 PBI09C039-BC-DH88 0.5184 0.7654 0.6822 0.44 0.7469 0.7113 
135 PBI09C043-BC-DH3 0.537 0.7653 0.7018 0.4737 0.7638 0.718 
136 PBI09C043-BC-DH10 0.5461 0.7824 0.7119 0.5599 0.7738 0.7306 
137 PBI09C043-BC-DH11 0.4925 0.769 0.7126 0.6302 0.7657 0.7432 
138 PBI09C043-BC-DH12 0.6287 0.7841 0.7121 0.6139 0.7672 0.7347 
139 PBI09C043-BC-DH14 0.4102 0.7843 0.7257 0.6143 0.7517 0.7648 
140 PBI09C043-BC-DH15 0.4597 0.7722 0.6954 0.5404 0.7769 0.7261 
141 PBI09C043-BC-DH28 0.5506 0.793 0.6738 0.4902 0.7521 0.7557 
142 PBI09C043-BC-DH31 0.5487 0.7704 0.6971 0.4327 0.7676 0.7124 
143 PBI09C043-BC-DH48 0.4859 0.7655 0.7021 0.5436 0.7762 0.7157 
144 PBI09C043-BC-DH51 0.3314 0.7705 0.7104 0.6064 0.7555 0.7511 
145 PBI09C043-BC-DH55 0.4024 0.7745 0.7105 0.5896 0.759 0.7374 
146 PBI09C045-BC-DH2 0.5606 0.7867 0.6821 0.4915 0.7665 0.7286 
147 PBI09C045-BC-DH4 0.5699 0.7804 0.7173 0.6253 0.7639 0.762 
148 PBI09C045-BC-DH6 0.5432 0.7638 0.7016 0.5767 0.7718 0.702 
149 PBI09C045-BC-DH13 0.4821 0.7792 0.6729 0.5261 0.7641 0.7616 
150 PBI09C045-BC-DH15 0.4275 0.7655 0.6995 0.5507 0.7399 0.7425 
151 PBI09C045-BC-DH17 0.5487 0.7949 0.7165 0.4522 0.7637 0.7536 
152 PBI09C045-BC-DH27 0.4965 0.7806 0.7116 0.5982 0.7696 0.7328 
153 PBI09C045-BC-DH28 0.4703 0.7817 0.7015 0.5 0.7457 0.7014 
154 PBI09C045-BC-DH30 0.6465 0.7842 0.6995 0.6128 0.7583 0.7537 
155 PBI09C045-BC-DH31 0.5152 0.7944 0.7056 0.4245 0.7751 0.7261 
156 PBI09C049-BC-DH4 0.4557 0.7563 0.6911 0.3834 0.73 0.73 
157 PBI09C051-BC-DH4 0.3017 0.7526 0.6478 0.3558 0.769 0.7212 
158 PBI09C001-BC-DH8 0.2769 0.7574 0.6813 0.5874 0.7717 0.7327 
159 PBI09C001-BC-DH46 0.5183 0.7735 0.6847 0.4585 0.7456 0.718 
160 PBI09C001-BC-DH61 0.45 0.7669 0.7221 0.5518 0.7684 0.7269 
161 PBI09C001-BC-DH79 0.636 0.7616 0.6961 0.633 0.7472 0.7211 
162 PBI09C001-BC-DH80 0.5416 0.7545 0.6544 0.4811 0.7335 0.6849 
163 PBI09C001-BC-DH86 0.4438 0.7732 0.6251 0.5838 0.7569 0.7199 
164 PBI09C002-BC-DH6 0.4896 0.7772 0.7096 0.6674 0.7768 0.7642 
165 PBI09C002-BC-DH8 0.6234 0.7583 0.6432 0.6432 0.7646 0.7204 
166 PBI09C004-BC-DH1 * * 0.74 0.4191 0.7708 0.7506 
167 PBI09C004-BC-DH51 0.5659 0.7835 0.7164 0.633 0.7589 0.6943 
168 PBI09C008-BC-DH7 * * 0.6769 0.5524 0.7476 0.7021 
169 PBI09C008-BC-DH17 0.3716 0.758 0.6562 0.681 0.7456 0.6873 
170 PBI09C009-BC-DH1 0.5861 0.7862 0.6776 0.4662 0.7709 0.711 
171 PBI09C009-BC-DH29 0.3924 0.775 0.6956 0.5017 0.7642 0.6807 
172 PBI09C009-BC-DH30 0.4688 0.7612 0.6877 0.5204 0.782 0.7174 
173 PBI09C009-BC-DH52 0.5684 0.7637 0.6588 0.6386 0.773 0.7576 
174 PBI09C009-BC-DH56 0.5419 0.7668 0.6665 0.4781 0.7317 0.7138 
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175 PBI09C016-BC-DH7 0.7226 0.7117 0.6738 0.5548 0.7242 0.7318 
176 PBI09C018-BC-DH4 0.7181 0.7305 0.6882 0.2941 0.7143 0.7042 
177 PBI09C018-BC-DH8 0.4805 0.7331 0.6974 0.6527 0.7588 0.6886 
178 PBI09C021-BC-DH4 0.6736 0.8052 0.6796 0.4024 0.7434 0.7294 
179 PBI09C021-BC-DH19 0.584 0.7862 0.6526 0.5425 0.767 0.7171 
180 PBI09C026-BC-DH39 0.5682 0.7645 0.6765 0.579 0.8036 0.6987 
181 PBI09C026-BC-DH65 0.5123 0.7688 0.6672 0.5422 0.7678 0.6547 
182 PBI09C026-BC-DH71 0.5016 0.798 0.6479 0.5352 0.7526 0.7289 
183 PBI09C026-BC-DH88 0.4754 0.7929 0.6839 0.6109 0.7536 0.7303 
184 PBI09C028-BC-DH18 0.5205 0.7699 0.6567 0.4723 0.7411 0.7008 
185 PBI09C034-BC-DH19 0.4516 0.768 0.6575 0.4539 0.77 0.657 
186 PBI09C034-BC-DH21 0.5881 0.7662 0.662 0.6179 0.7598 0.6901 
187 PBI09C035-BC-DH20 0.4141 0.7985 0.6592 0.4241 0.7398 0.8475 
188 PBI09C035-BC-DH22 0.387 0.7576 0.6571 0.4006 0.7567 0.6874 
189 PBI09C038-BC-DH1 0.446 0.7785 0.6792 0.5853 0.7467 0.7152 
190 PBI09C038-BC-DH4 0.4128 0.7888 0.6594 0.4065 0.7462 0.7181 
191 PBI09C038-BC-DH24 0.4662 0.751 0.693 0.4356 0.7683 0.7062 
192 PBI09C039-BC-DH53 0.6607 0.7752 0.7035 0.6086 0.7653 0.7734 
193 PBI09C039-BC-DH60 0.4453 0.7691 0.7037 0.4778 0.7847 0.6996 
194 PBI09C043-BC-DH22 0.4549 0.7637 0.6959 0.441 0.7935 0.7271 
195 PBI09C043-BC-DH44 0.45 0.7448 0.7171 0.4859 0.7474 0.7596 
196 PBI09C045-BC-DH20 0.3817 0.7749 0.7105 0.4472 0.7586 0.7507 
197 PBI09C045-BC-DH21 0.5657 0.7687 0.6806 0.5965 0.773 0.731 
198 PBI09C049-BC-DH1 0.3223 0.7499 0.6858 0.395 * 0.7819 
199 PBI09C049-BC-DH5 0.3727 0.7475 0.6687 0.3655 0.7373 0.7079 
200 PBI09C049-BC-DH6 0.3619 0.7663 0.6661 0.6352 0.7327 0.715 
 
Grand Means 0.51522 0.7717 0.6804 0.5252 0.75814 0.71275 
 
Standard error 0.1072 0.0183 0.02 0.1172 0.016 0.066 
 
LSD (5%) (Genotype x Environment) 0.2232 0.03377 0.0959 0.2232 0.03377 0.0959 
 
LSD (5%) (Genotype) 0.2121 0.0362 0.041 0.2316 0.03182 0.1299 
  %CV 17.88 2.05 2.77 20.14 1.89 8.33 
 
         
Table 12: Mean of normalized difference vegetative index (NDVI) from combined   
  analysis (E1 to E3, grain filling stage and E1 to E5, heading stage)  
 
Normalized difference vegetative index Combined 
 
  
(E1,E2 & E3) E1-E5 
Entry number Genotype/Designation Grain filling Heading 
1 Berkut 0.6081 0.6909 
2 SOKOLL 0.5731 0.6721 
3 2-49/CUNNINGHAM//KENNEDY 0.6264 0.6844 
4 T.DICOCCONP194625/AE.SQUARROSA 0.6071 0.7277 
5 PBW502 0.6098 0.6935 
6 PBW550 0.5665 0.7002 
7 DBW16 0.5986 0.6985 
8 DBW17 0.6119 0.7082 
9 Sunlin 0.6425 0.7283 
10 Waxwing*2/Kiritati * 0.7074 
11 SUNTOP 0.6458 0.7086 
12 EGA-Gregory 0.5888 0.6771 
13 Spitfire 0.6021 0.7167 
14 PBI09C001-BC-DH1 0.6321 0.7011 
15 PBI09C001-BC-DH9 0.6111 0.7027 
16 PBI09C001-BC-DH33 0.6579 0.7271 
17 PBI09C001-BC-DH58 0.6513 0.705 
18 PBI09C001-BC-DH64 0.6357 0.7167 
19 PBI09C001-BC-DH89 0.6438 0.7191 
20 PBI09C001-BC-DH98 0.6481 0.7096 
21 PBI09C002-BC-DH1 0.6597 0.7264 
22 PBI09C002-BC-DH5 0.6185 0.6975 
23 PBI09C002-BC-DH20 0.656 0.7045 
24 PBI09C004-BC-DH23 0.6283 0.7294 
25 PBI09C004-BC-DH24 0.6355 0.7097 
26 PBI09C004-BC-DH74 0.6508 0.7114 
27 PBI09C004-BC-DH76 0.6497 0.7149 
28 PBI09C004-BC-DH78 0.6424 0.7151 
29 PBI09C004-BC-DH106 0.6332 0.6957 
30 PBI09C004-BC-DH117 0.6433 0.7093 
31 PBI09C004-BC-DH118 0.618 0.7074 
32 PBI09C008-BC-DH1 0.5689 0.7062 
33 PBI09C008-BC-DH8 0.6387 0.7265 
 330 
 
34 PBI09C008-BC-DH19 0.6009 0.687 
35 PBI09C008-BC-DH20 0.5928 0.6951 
36 PBI09C008-BC-DH23 0.6044 0.7091 
37 PBI09C008-BC-DH26 0.6111 0.698 
38 PBI09C008-BC-DH30 0.5981 0.7013 
39 PBI09C008-BC-DH31 0.6347 0.7082 
40 PBI09C008-BC-DH32 0.5917 0.7021 
41 PBI09C008-BC-DH35 0.6092 0.7032 
42 PBI09C008-BC-DH39 0.576 0.697 
43 PBI09C008-BC-DH40 0.5981 0.7191 
44 PBI09C009-BC-DH2 0.5964 0.7106 
45 PBI09C009-BC-DH16 0.5855 0.7083 
46 PBI09C009-BC-DH17 0.5883 0.7062 
47 PBI09C009-BC-DH25 0.6123 0.7151 
48 PBI09C009-BC-DH57 0.6205 0.7046 
49 PBI09C009-BC-DH71 0.622 0.7214 
50 PBI09C009-BC-DH76 0.623 0.6967 
51 PBI09C009-BC-DH84 0.5976 0.7009 
52 PBI09C009-BC-DH86 0.6147 0.7129 
53 PBI09C009-BC-DH89 0.5879 0.6989 
54 PBI09C010-BC-DH1 0.5861 0.6892 
55 PBI09C010-BC-DH3 0.6168 0.6941 
56 PBI09C010-BC-DH4 0.6172 0.7099 
57 PBI09C010-BC-DH7 0.6192 0.718 
58 PBI09C010-BC-DH8 0.6057 0.7147 
59 PBI09C010-BC-DH9 0.5891 0.7215 
60 PBI09C010-BC-DH10 0.6082 0.7213 
61 PBI09C010-BC-DH13 0.613 0.7107 
62 PBI09C010-BC-DH15 0.6107 0.7193 
63 PBI09C010-BC-DH18 0.5928 0.7225 
64 PBI09C010-BC-DH19 0.6081 0.6958 
65 PBI09C016-BC-DH4 0.6273 0.6882 
66 PBI09C018-BC-DH2 0.5765 0.6863 
67 PBI09C018-BC-DH5 0.6098 0.6884 
68 PBI09C018-BC-DH6 0.6087 0.6979 
69 PBI09C018-BC-DH9 0.5945 0.7024 
70 PBI09C018-BC-DH11 0.5965 0.7037 
71 PBI09C018-BC-DH20 0.5963 0.7035 
72 PBI09C018-BC-DH29 0.6004 0.6901 
73 PBI09C021-BC-DH5 0.618 0.7237 
74 PBI09C021-BC-DH7 0.6109 0.7116 
75 PBI09C023-BC-DH2 0.6045 0.7267 
76 PBI09C023-BC-DH3 0.61 0.7265 
77 PBI09C026-BC-DH21 0.6025 0.7152 
78 PBI09C026-BC-DH31 0.581 0.6932 
79 PBI09C026-BC-DH66 0.6038 0.7173 
80 PBI09C026-BC-DH73 0.5835 0.699 
81 PBI09C026-BC-DH87 0.5598 0.6967 
82 PBI09C026-BC-DH91 0.5898 0.7049 
83 PBI09C026-BC-DH99 0.585 0.7101 
84 PBI09C026-BC-DH110 0.5835 0.7026 
85 PBI09C026-BC-DH114 0.5715 0.6876 
86 PBI09C028-BC-DH2 0.6038 0.6953 
87 PBI09C028-BC-DH3 0.585 0.7041 
88 PBI09C028-BC-DH5 0.5895 0.7204 
89 PBI09C028-BC-DH7 0.5907 0.7263 
90 PBI09C028-BC-DH10 0.6032 0.6963 
91 PBI09C028-BC-DH17 0.586 0.7065 
92 PBI09C028-BC-DH27 0.5981 0.6932 
93 PBI09C028-BC-DH32 0.602 0.7089 
94 PBI09C028-BC-DH37 0.5823 0.7009 
95 PBI09C028-BC-DH38 0.5936 0.7328 
96 PBI09C028-BC-DH44 0.5916 0.7015 
97 PBI09C028-BC-DH54 0.5689 0.6901 
98 PBI09C034-BC-DH9 0.5993 0.6993 
99 PBI09C034-BC-DH17 0.6123 0.6949 
100 PBI09C034-BC-DH23 0.595 0.7007 
101 PBI09C034-BC-DH27 0.5986 0.6757 
102 PBI09C034-BC-DH29 0.6198 0.6892 
103 PBI09C034-BC-DH30 0.6175 0.6974 
104 PBI09C034-BC-DH33 0.6047 0.6901 
105 PBI09C034-BC-DH34 0.597 0.7007 
106 PBI09C035-BC-DH2 0.592 0.6957 
107 PBI09C035-BC-DH3 0.597 0.7003 
108 PBI09C035-BC-DH7 0.619 0.6939 
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109 PBI09C035-BC-DH11 0.6137 0.6937 
110 PBI09C035-BC-DH13 0.5998 0.6778 
111 PBI09C035-BC-DH21 0.6163 0.6828 
112 PBI09C035-BC-DH25 0.6157 0.7123 
113 PBI09C035-BC-DH26 0.5785 0.6698 
114 PBI09C035-BC-DH28 0.5946 0.7053 
115 PBI09C035-BC-DH37 0.5811 0.6845 
116 PBI09C035-BC-DH41 0.5986 0.7153 
117 PBI09C038-BC-DH7 0.6409 0.7171 
118 PBI09C038-BC-DH9 0.5884 0.7163 
119 PBI09C038-BC-DH10 0.6066 0.719 
120 PBI09C038-BC-DH17 0.6161 0.7087 
121 PBI09C038-BC-DH21 0.6122 0.7127 
122 PBI09C038-BC-DH22 0.6032 0.7036 
123 PBI09C038-BC-DH23 0.6268 0.7021 
124 PBI09C039-BC-DH9 0.5934 0.6894 
125 PBI09C039-BC-DH26 0.6274 0.6961 
126 PBI09C039-BC-DH40 0.6213 0.7175 
127 PBI09C039-BC-DH46 0.5737 0.6894 
128 PBI09C039-BC-DH47 0.6151 0.6355 
129 PBI09C039-BC-DH63 0.5989 0.6982 
130 PBI09C039-BC-DH69 0.5944 0.7013 
131 PBI09C039-BC-DH73 0.59 0.7017 
132 PBI09C039-BC-DH78 0.6121 0.7049 
133 PBI09C039-BC-DH81 0.6012 0.6967 
134 PBI09C039-BC-DH88 0.6312 0.6891 
135 PBI09C043-BC-DH3 0.6373 0.7144 
136 PBI09C043-BC-DH10 0.621 0.7208 
137 PBI09C043-BC-DH11 0.6146 0.7296 
138 PBI09C043-BC-DH12 0.6325 0.7142 
139 PBI09C043-BC-DH14 0.6113 0.7109 
140 PBI09C043-BC-DH15 0.6202 0.6999 
141 PBI09C043-BC-DH28 0.6143 0.7093 
142 PBI09C043-BC-DH31 0.6034 0.7112 
143 PBI09C043-BC-DH48 0.6093 0.7169 
144 PBI09C043-BC-DH51 0.5962 0.712 
145 PBI09C043-BC-DH55 0.6103 0.7235 
146 PBI09C045-BC-DH2 0.5759 0.726 
147 PBI09C045-BC-DH4 0.613 0.7126 
148 PBI09C045-BC-DH6 0.6202 0.6983 
149 PBI09C045-BC-DH13 0.6154 0.7209 
150 PBI09C045-BC-DH15 0.5911 0.7395 
151 PBI09C045-BC-DH17 0.6018 0.7278 
152 PBI09C045-BC-DH27 0.5915 0.7058 
153 PBI09C045-BC-DH28 0.6052 0.7154 
154 PBI09C045-BC-DH30 0.5866 0.7078 
155 PBI09C045-BC-DH31 0.5988 0.7018 
156 PBI09C049-BC-DH4 0.6477 0.7222 
157 PBI09C051-BC-DH4 0.6259 0.6978 
158 PBI09C001-BC-DH8 0.6457 0.7023 
159 PBI09C001-BC-DH46 0.6426 0.7208 
160 PBI09C001-BC-DH61 0.6738 0.7507 
161 PBI09C001-BC-DH79 0.6418 0.7217 
162 PBI09C001-BC-DH80 0.6545 0.6964 
163 PBI09C001-BC-DH86 0.6525 0.7002 
164 PBI09C002-BC-DH6 0.6618 0.7392 
165 PBI09C002-BC-DH8 0.6394 0.701 
166 PBI09C004-BC-DH1 0.6505 0.7287 
167 PBI09C004-BC-DH51 0.6545 0.7094 
168 PBI09C008-BC-DH7 0.6048 0.7184 
169 PBI09C008-BC-DH17 0.5986 0.6876 
170 PBI09C009-BC-DH1 0.6143 0.6979 
171 PBI09C009-BC-DH29 0.6251 0.7185 
172 PBI09C009-BC-DH30 0.6536 0.7044 
173 PBI09C009-BC-DH52 0.6134 0.7022 
174 PBI09C009-BC-DH56 0.6189 0.704 
175 PBI09C016-BC-DH7 0.601 0.6971 
176 PBI09C018-BC-DH4 0.6035 0.6903 
177 PBI09C018-BC-DH8 0.6334 0.7156 
178 PBI09C021-BC-DH4 0.6252 0.7128 
179 PBI09C021-BC-DH19 0.6273 0.7093 
180 PBI09C026-BC-DH39 0.6109 0.7035 
181 PBI09C026-BC-DH65 0.6067 0.6917 
182 PBI09C026-BC-DH71 0.5787 0.7273 
183 PBI09C026-BC-DH88 0.6114 0.693 
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184 PBI09C028-BC-DH18 0.604 0.7061 
185 PBI09C034-BC-DH19 0.6019 0.6808 
186 PBI09C034-BC-DH21 0.627 0.701 
187 PBI09C035-BC-DH20 0.6 0.6805 
188 PBI09C035-BC-DH22 0.6107 0.6931 
189 PBI09C038-BC-DH1 0.6064 0.7005 
190 PBI09C038-BC-DH4 0.607 0.6963 
191 PBI09C038-BC-DH24 0.5954 0.7132 
192 PBI09C039-BC-DH53 0.6149 0.7345 
193 PBI09C039-BC-DH60 0.6048 0.7085 
194 PBI09C043-BC-DH22 0.6151 0.7122 
195 PBI09C043-BC-DH44 0.5832 0.7127 
196 PBI09C045-BC-DH20 0.5961 0.7198 
197 PBI09C045-BC-DH21 0.6305 0.6927 
198 PBI09C049-BC-DH1 0.6077 0.7151 
199 PBI09C049-BC-DH5 0.5984 0.659 
200 PBI09C049-BC-DH6 0.6221 0.7015 
 Grand Means 0.61035 0.7055 
 SED 0.01924 0.01673 
 LSD (5%) 0.03781 0.03283 
 %CV 5.25 4.9 
 
 
Table 13: Drought susceptibility index mean for 2014 (E2-E3) and 2015 (E4-E5) 
    
Drought 
Susceptibility Index 
(DSI)   
  No.  Genotype Genotype/Designation 2014 2015 
1 BERKUT 0.34 2.79 
2 SOKOLL 1.30 1.52 
3 2-49/CUNNINGHAM//KENNEDY 1.29 2.16 
4 T.DICOCCONP194625/AE.SQUARROSA 1.09 0.54 
5 PBW502 1.01 2.03 
6 PBW550 1.08 -0.54 
7 DBW16 1.07 1.22 
8 DBW17 0.50 0.70 
9 Sunlin 1.38 -0.33 
10 Waxwing*2/Kiritati * 0.72 
11 SUNTOP 0.81 1.34 
12 EGA-Gregory 1.23 2.12 
13 Spitfire 1.17 2.12 
14 PBI09C001-BC-DH1 0.70 2.63 
15 PBI09C001-BC-DH9 1.19 1.41 
16 PBI09C001-BC-DH33 0.48 1.34 
17 PBI09C001-BC-DH58 0.95 0.97 
18 PBI09C001-BC-DH64 0.82 1.53 
19 PBI09C001-BC-DH89 0.86 0.68 
20 PBI09C001-BC-DH98 0.85 1.47 
21 PBI09C002-BC-DH1 0.82 -0.20 
22 PBI09C002-BC-DH5 0.79 1.07 
23 PBI09C002-BC-DH20 0.76 1.80 
24 PBI09C004-BC-DH23 1.27 1.55 
25 PBI09C004-BC-DH24 0.90 1.86 
26 PBI09C004-BC-DH74 0.70 -1.07 
27 PBI09C004-BC-DH76 1.07 1.23 
28 PBI09C004-BC-DH78 1.04 1.16 
29 PBI09C004-BC-DH106 0.99 -0.54 
30 PBI09C004-BC-DH117 0.89 1.03 
31 PBI09C004-BC-DH118 0.96 1.27 
32 PBI09C008-BC-DH1 0.78 0.70 
33 PBI09C008-BC-DH8 0.99 -0.22 
34 PBI09C008-BC-DH19 0.54 0.08 
35 PBI09C008-BC-DH20 0.68 1.00 
36 PBI09C008-BC-DH23 1.01 -0.22 
37 PBI09C008-BC-DH26 0.78 0.79 
38 PBI09C008-BC-DH30 0.91 -0.95 
39 PBI09C008-BC-DH31 1.25 1.59 
40 PBI09C008-BC-DH32 1.06 0.51 
41 PBI09C008-BC-DH35 0.75 -0.12 
42 PBI09C008-BC-DH39 0.75 -0.18 
43 PBI09C008-BC-DH40 1.26 0.81 
44 PBI09C009-BC-DH2 1.03 0.56 
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45 PBI09C009-BC-DH16 1.13 1.28 
46 PBI09C009-BC-DH17 1.06 -0.26 
47 PBI09C009-BC-DH25 1.00 -0.32 
48 PBI09C009-BC-DH57 1.17 0.71 
49 PBI09C009-BC-DH71 1.00 0.85 
50 PBI09C009-BC-DH76 1.26 0.34 
51 PBI09C009-BC-DH84 1.10 0.20 
52 PBI09C009-BC-DH86 1.19 0.14 
53 PBI09C009-BC-DH89 1.23 1.12 
54 PBI09C010-BC-DH1 0.85 0.93 
55 PBI09C010-BC-DH3 1.29 0.32 
56 PBI09C010-BC-DH4 0.83 0.47 
57 PBI09C010-BC-DH7 1.02 -0.17 
58 PBI09C010-BC-DH8 1.12 0.84 
59 PBI09C010-BC-DH9 0.97 0.76 
60 PBI09C010-BC-DH10 1.20 0.80 
61 PBI09C010-BC-DH13 1.23 1.42 
62 PBI09C010-BC-DH15 0.22 0.76 
63 PBI09C010-BC-DH18 1.19 0.40 
64 PBI09C010-BC-DH19 0.63 -0.03 
65 PBI09C016-BC-DH4 1.03 0.46 
66 PBI09C018-BC-DH2 1.24 0.08 
67 PBI09C018-BC-DH5 1.55 -1.91 
68 PBI09C018-BC-DH6 0.91 0.83 
69 PBI09C018-BC-DH9 1.20 1.27 
70 PBI09C018-BC-DH11 1.41 0.88 
71 PBI09C018-BC-DH20 1.31 0.21 
72 PBI09C018-BC-DH29 1.67 0.65 
73 PBI09C021-BC-DH5 1.20 1.57 
74 PBI09C021-BC-DH7 0.88 1.73 
75 PBI09C023-BC-DH2 0.79 1.61 
76 PBI09C023-BC-DH3 0.98 2.31 
77 PBI09C026-BC-DH21 1.04 1.23 
78 PBI09C026-BC-DH31 0.85 0.21 
79 PBI09C026-BC-DH66 1.06 2.07 
80 PBI09C026-BC-DH73 1.00 0.56 
81 PBI09C026-BC-DH87 1.10 0.75 
82 PBI09C026-BC-DH91 1.22 -0.10 
83 PBI09C026-BC-DH99 1.10 1.97 
84 PBI09C026-BC-DH110 0.86 0.91 
85 PBI09C026-BC-DH114 1.16 1.03 
86 PBI09C028-BC-DH2 1.28 1.26 
87 PBI09C028-BC-DH3 1.14 0.43 
88 PBI09C028-BC-DH5 0.72 0.88 
89 PBI09C028-BC-DH7 1.03 1.63 
90 PBI09C028-BC-DH10 0.65 0.77 
91 PBI09C028-BC-DH17 0.65 1.29 
92 PBI09C028-BC-DH27 0.42 0.61 
93 PBI09C028-BC-DH32 0.89 1.07 
94 PBI09C028-BC-DH37 1.07 -0.04 
95 PBI09C028-BC-DH38 1.08 0.81 
96 PBI09C028-BC-DH44 0.61 -0.55 
97 PBI09C028-BC-DH54 0.68 0.68 
98 PBI09C034-BC-DH9 0.98 0.77 
99 PBI09C034-BC-DH17 1.18 1.64 
100 PBI09C034-BC-DH23 1.27 0.53 
101 PBI09C034-BC-DH27 1.05 0.69 
102 PBI09C034-BC-DH29 0.90 -0.34 
103 PBI09C034-BC-DH30 1.38 0.72 
104 PBI09C034-BC-DH33 0.91 0.94 
105 PBI09C034-BC-DH34 0.65 1.86 
106 PBI09C035-BC-DH2 1.05 2.58 
107 PBI09C035-BC-DH3 1.09 2.33 
108 PBI09C035-BC-DH7 0.96 1.45 
109 PBI09C035-BC-DH11 1.59 -1.25 
110 PBI09C035-BC-DH13 1.20 1.53 
111 PBI09C035-BC-DH21 0.99 0.26 
112 PBI09C035-BC-DH25 0.86 1.26 
113 PBI09C035-BC-DH26 0.95 0.40 
114 PBI09C035-BC-DH28 1.41 1.79 
115 PBI09C035-BC-DH37 1.23 1.86 
116 PBI09C035-BC-DH41 1.09 1.04 
117 PBI09C038-BC-DH7 0.92 -1.23 
118 PBI09C038-BC-DH9 0.88 0.06 
119 PBI09C038-BC-DH10 0.85 1.42 
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120 PBI09C038-BC-DH17 0.95 1.28 
121 PBI09C038-BC-DH21 1.36 1.62 
122 PBI09C038-BC-DH22 1.12 1.94 
123 PBI09C038-BC-DH23 1.25 1.20 
124 PBI09C039-BC-DH9 0.85 0.94 
125 PBI09C039-BC-DH26 0.95 -0.48 
126 PBI09C039-BC-DH40 0.94 1.42 
127 PBI09C039-BC-DH46 0.71 1.63 
128 PBI09C039-BC-DH47 0.99 -0.89 
129 PBI09C039-BC-DH63 0.95 1.27 
130 PBI09C039-BC-DH69 0.74 1.64 
131 PBI09C039-BC-DH73 1.01 0.97 
132 PBI09C039-BC-DH78 1.04 0.79 
133 PBI09C039-BC-DH81 0.82 1.59 
134 PBI09C039-BC-DH88 1.07 0.81 
135 PBI09C043-BC-DH3 0.77 1.91 
136 PBI09C043-BC-DH10 1.10 1.03 
137 PBI09C043-BC-DH11 1.05 1.36 
138 PBI09C043-BC-DH12 0.83 0.54 
139 PBI09C043-BC-DH14 0.75 1.67 
140 PBI09C043-BC-DH15 0.72 1.13 
141 PBI09C043-BC-DH28 0.84 2.03 
142 PBI09C043-BC-DH31 1.03 0.72 
143 PBI09C043-BC-DH48 0.99 1.52 
144 PBI09C043-BC-DH51 1.08 1.70 
145 PBI09C043-BC-DH55 0.73 2.17 
146 PBI09C045-BC-DH2 0.61 1.38 
147 PBI09C045-BC-DH4 0.96 1.64 
148 PBI09C045-BC-DH6 0.86 -0.40 
149 PBI09C045-BC-DH13 0.98 2.01 
150 PBI09C045-BC-DH15 1.46 1.72 
151 PBI09C045-BC-DH17 1.11 2.74 
152 PBI09C045-BC-DH27 1.22 0.75 
153 PBI09C045-BC-DH28 1.33 2.05 
154 PBI09C045-BC-DH30 1.08 1.53 
155 PBI09C045-BC-DH31 0.74 0.39 
156 PBI09C049-BC-DH4 1.09 0.30 
157 PBI09C051-BC-DH4 1.14 -0.26 
158 PBI09C001-BC-DH8 1.02 1.43 
159 PBI09C001-BC-DH46 0.80 -0.43 
160 PBI09C001-BC-DH61 1.38 1.04 
161 PBI09C001-BC-DH79 1.21 0.89 
162 PBI09C001-BC-DH80 0.97 0.44 
163 PBI09C001-BC-DH86 1.20 2.83 
164 PBI09C002-BC-DH6 1.09 -1.03 
165 PBI09C002-BC-DH8 0.90 2.02 
166 PBI09C004-BC-DH1 0.95 -1.41 
167 PBI09C004-BC-DH51 1.02 1.69 
168 PBI09C008-BC-DH7 1.16 -0.58 
169 PBI09C008-BC-DH17 0.80 2.46 
170 PBI09C009-BC-DH1 0.76 -0.94 
171 PBI09C009-BC-DH29 0.66 2.06 
172 PBI09C009-BC-DH30 1.05 1.32 
173 PBI09C009-BC-DH52 1.09 1.75 
174 PBI09C009-BC-DH56 0.73 1.29 
175 PBI09C016-BC-DH7 1.10 -1.16 
176 PBI09C018-BC-DH4 1.37 0.32 
177 PBI09C018-BC-DH8 1.04 2.44 
178 PBI09C021-BC-DH4 0.92 1.68 
179 PBI09C021-BC-DH19 0.99 0.86 
180 PBI09C026-BC-DH39 0.85 0.17 
181 PBI09C026-BC-DH65 1.01 2.41 
182 PBI09C026-BC-DH71 1.05 1.96 
183 PBI09C026-BC-DH88 0.81 -1.50 
184 PBI09C028-BC-DH18 0.91 -0.63 
185 PBI09C034-BC-DH19 1.10 -0.26 
186 PBI09C034-BC-DH21 1.25 1.29 
187 PBI09C035-BC-DH20 1.17 -0.70 
188 PBI09C035-BC-DH22 1.34 2.10 
189 PBI09C038-BC-DH1 1.15 1.69 
190 PBI09C038-BC-DH4 0.89 2.06 
191 PBI09C038-BC-DH24 0.99 1.82 
192 PBI09C039-BC-DH53 0.67 1.62 
193 PBI09C039-BC-DH60 0.91 3.81 
194 PBI09C043-BC-DH22 0.81 1.80 
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195 PBI09C043-BC-DH44 0.88 1.83 
196 PBI09C045-BC-DH20 0.90 1.96 
197 PBI09C045-BC-DH21 0.77 1.25 
198 PBI09C049-BC-DH1 1.20 1.85 
199 PBI09C049-BC-DH5 1.10 0.20 
200 PBI09C049-BC-DH6 0.81 1.07 
Drought Intensity   0.23 0.09 
 
Table 14: Mean of screenings (%) from independent analysis (E1, E4 and E5) and combined 
analysis (E1, E4 and E5) 
Entry    Screening (%)     Combined 
number Genotype/Designation E1 E4 E5   
1 BERKUT 5.193 2.596 0.481 2.983 
2 SOKOLL 2.965 2.729 1.716 2.143 
3 2-49/CUNNINGHAM//KENNEDY 7.445 4.33 2.433 4.841 
4 T.DICOCCONP194625/AE.SQUARROSA 7.118 8.841 5.872 7.399 
5 PBW502 6.866 3.704 1.492 3.659 
6 PBW550 2.931 2.26 1.584 1.837 
7 DBW16 6.157 3.155 1.653 3.313 
8 DBW17 5.135 3.868 1.813 3.804 
9 Sunlin 9.251 7.054 4.821 6.548 
10 Waxwing*2/Kiritati * 3.895 1.525 2.67 
11 SUNTOP 8.159 8.792 3.928 6.912 
12 EGA-Gregory 3.553 6.427 2.731 4.049 
13 Spitfire 7.627 6.278 2.675 5.239 
14 PBI09C001-BC-DH1 5.031 7.634 4.033 5.649 
15 PBI09C001-BC-DH9 5.095 6.471 3.635 5.194 
16 PBI09C001-BC-DH33 4.682 2.122 3.632 3.268 
17 PBI09C001-BC-DH58 5.98 9.516 4.073 6.102 
18 PBI09C001-BC-DH64 4.18 7.684 3.653 5.733 
19 PBI09C001-BC-DH89 4.623 5.514 4.565 5 
20 PBI09C001-BC-DH98 4.28 7.784 3.866 5.996 
21 PBI09C002-BC-DH1 5.301 14.108 13.33 12.017 
22 PBI09C002-BC-DH5 4.343 4.921 3.063 4.403 
23 PBI09C002-BC-DH20 3.829 5.317 4.519 4.675 
24 PBI09C004-BC-DH23 5.13 10.164 5.108 7.14 
25 PBI09C004-BC-DH24 4.673 7.607 3.16 5.193 
26 PBI09C004-BC-DH74 6.482 4.808 3.565 4.472 
27 PBI09C004-BC-DH76 4.565 5.608 4.306 4.999 
28 PBI09C004-BC-DH78 3.571 6.005 2.977 4.625 
29 PBI09C004-BC-DH106 4.905 5.133 2.16 4.03 
30 PBI09C004-BC-DH117 4.355 5.012 3.641 4.2 
31 PBI09C004-BC-DH118 4.37 8.441 2.863 5.413 
32 PBI09C008-BC-DH1 4.749 3.107 1.681 3.253 
33 PBI09C008-BC-DH8 4.931 2.929 1.955 2.923 
34 PBI09C008-BC-DH19 4.919 2.963 1.639 3.219 
35 PBI09C008-BC-DH20 5.204 3.532 1.962 3.242 
36 PBI09C008-BC-DH23 3.992 3.519 1.856 3.597 
37 PBI09C008-BC-DH26 5.424 3.212 1.639 3.275 
38 PBI09C008-BC-DH30 4.88 1.555 2.03 3.278 
39 PBI09C008-BC-DH31 4.783 3.513 1.854 3.356 
40 PBI09C008-BC-DH32 4.546 3.221 2.013 3.542 
41 PBI09C008-BC-DH35 5.883 3.962 1.295 2.909 
42 PBI09C008-BC-DH39 5.545 2.555 1.937 3.497 
43 PBI09C008-BC-DH40 7.129 3.041 1.496 3.321 
44 PBI09C009-BC-DH2 5.665 3.413 2.053 3.614 
45 PBI09C009-BC-DH16 4.189 3.371 2.525 3.437 
46 PBI09C009-BC-DH17 3.492 2.303 1.069 2.228 
47 PBI09C009-BC-DH25 5.297 3.38 1.423 2.57 
48 PBI09C009-BC-DH57 5.294 2.658 1.514 3.062 
49 PBI09C009-BC-DH71 4.281 2.918 1.431 2.867 
50 PBI09C009-BC-DH76 4.383 4.402 2.023 3.02 
51 PBI09C009-BC-DH84 4.527 3.087 1.57 2.655 
52 PBI09C009-BC-DH86 4.709 2.629 1.481 2.764 
53 PBI09C009-BC-DH89 5.254 2.778 1.423 2.795 
54 PBI09C010-BC-DH1 4.249 3.698 1.554 2.826 
55 PBI09C010-BC-DH3 2.651 2.728 1.823 2.914 
56 PBI09C010-BC-DH4 4.02 3.135 1.504 3.442 
57 PBI09C010-BC-DH7 4.362 3.921 1.732 3.066 
58 PBI09C010-BC-DH8 4.134 2.77 1.101 2.58 
59 PBI09C010-BC-DH9 4.018 4.05 1.928 3.568 
60 PBI09C010-BC-DH10 5.056 3.367 1.89 3.492 
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61 PBI09C010-BC-DH13 5.443 2.665 1.603 2.977 
62 PBI09C010-BC-DH15 3.592 3.291 1.208 3.227 
63 PBI09C010-BC-DH18 4.45 3.905 1.667 3.229 
64 PBI09C010-BC-DH19 5.209 3.635 1.597 3.341 
65 PBI09C016-BC-DH4 4.416 1.488 1.456 2.369 
66 PBI09C018-BC-DH2 4.66 3.89 1.269 3.432 
67 PBI09C018-BC-DH5 4.42 3.52 1.329 3.95 
68 PBI09C018-BC-DH6 4.439 3.021 1.076 2.573 
69 PBI09C018-BC-DH9 5.216 2.345 1.375 3.288 
70 PBI09C018-BC-DH11 5.47 4.311 1.32 4.363 
71 PBI09C018-BC-DH20 3.275 4.968 1.491 4.309 
72 PBI09C018-BC-DH29 4.807 3.951 1.603 3.822 
73 PBI09C021-BC-DH5 4.089 5.137 3.601 5.59 
74 PBI09C021-BC-DH7 4.273 6.901 2.034 5.687 
75 PBI09C023-BC-DH2 4.492 7.916 3.05 6.388 
76 PBI09C023-BC-DH3 5.882 4.871 3.132 5.21 
77 PBI09C026-BC-DH21 4.765 2.761 1.554 3.585 
78 PBI09C026-BC-DH31 4.853 3.077 1.828 3.53 
79 PBI09C026-BC-DH66 4.459 2.717 2.174 3.499 
80 PBI09C026-BC-DH73 6.075 3.408 1.767 3.51 
81 PBI09C026-BC-DH87 4.608 3.498 2.468 3.721 
82 PBI09C026-BC-DH91 7.445 4.031 1.75 3.533 
83 PBI09C026-BC-DH99 3.805 4.098 1.846 3.845 
84 PBI09C026-BC-DH110 5.844 3.635 2.07 3.386 
85 PBI09C026-BC-DH114 4.879 2.896 2.042 3.67 
86 PBI09C028-BC-DH2 4.516 3.125 2.003 3.893 
87 PBI09C028-BC-DH3 6.801 2.685 1.092 3.249 
88 PBI09C028-BC-DH5 5.349 3.333 1.672 3.772 
89 PBI09C028-BC-DH7 5.364 4.733 2.361 4.275 
90 PBI09C028-BC-DH10 5.31 4.05 1.55 3.269 
91 PBI09C028-BC-DH17 5.093 2.911 1.74 3.008 
92 PBI09C028-BC-DH27 5.059 3.333 1.696 3.187 
93 PBI09C028-BC-DH32 5.679 4.729 2.485 4.238 
94 PBI09C028-BC-DH37 5.036 3.14 2.306 3.13 
95 PBI09C028-BC-DH38 5.518 2.975 2.788 4.082 
96 PBI09C028-BC-DH44 4.394 3.924 1.6 3.502 
97 PBI09C028-BC-DH54 5.876 2.767 2.17 3.229 
98 PBI09C034-BC-DH9 7.204 3.164 1.192 3.923 
99 PBI09C034-BC-DH17 5.132 3.91 0.975 3.998 
100 PBI09C034-BC-DH23 4.983 3.206 0.796 3.193 
101 PBI09C034-BC-DH27 3.214 2.605 1.384 3.604 
102 PBI09C034-BC-DH29 5.098 2.368 1.132 3.638 
103 PBI09C034-BC-DH30 6.564 2.962 1.213 3.614 
104 PBI09C034-BC-DH33 3.566 3.911 1.022 3.61 
105 PBI09C034-BC-DH34 5.179 3.349 0.963 3.443 
106 PBI09C035-BC-DH2 5.219 3.086 1.31 3.894 
107 PBI09C035-BC-DH3 7.107 2.96 1.254 3.231 
108 PBI09C035-BC-DH7 5.901 3.078 1.694 4.154 
109 PBI09C035-BC-DH11 2.254 3.043 1.32 2.953 
110 PBI09C035-BC-DH13 6.092 4.394 1.275 4.227 
111 PBI09C035-BC-DH21 4.505 3.22 1.217 3.061 
112 PBI09C035-BC-DH25 5.181 2.878 1.229 3.224 
113 PBI09C035-BC-DH26 4.633 3.67 1.719 3.942 
114 PBI09C035-BC-DH28 6.544 3.356 0.659 3.14 
115 PBI09C035-BC-DH37 4.999 1.311 1.29 2.998 
116 PBI09C035-BC-DH41 5.611 2.918 0.874 3.274 
117 PBI09C038-BC-DH7 4.855 2.728 1.267 2.442 
118 PBI09C038-BC-DH9 4.034 2.506 1.472 2.34 
119 PBI09C038-BC-DH10 3.85 2.616 1.571 3.095 
120 PBI09C038-BC-DH17 4.526 2.578 1.291 2.563 
121 PBI09C038-BC-DH21 3.512 1.622 1.419 1.678 
122 PBI09C038-BC-DH22 3.825 1.599 1.397 2.145 
123 PBI09C038-BC-DH23 4.828 2.831 1.334 2.11 
124 PBI09C039-BC-DH9 6.121 1.818 1.368 1.995 
125 PBI09C039-BC-DH26 4.26 1.788 0.974 2.412 
126 PBI09C039-BC-DH40 5.615 1.73 1.149 2.218 
127 PBI09C039-BC-DH46 3.361 3.352 1.596 3.43 
128 PBI09C039-BC-DH47 6.018 2.237 1.186 1.912 
129 PBI09C039-BC-DH63 4.864 2.696 1.29 2.003 
130 PBI09C039-BC-DH69 4.336 1.782 1.147 2.088 
131 PBI09C039-BC-DH73 5.007 2.124 1.057 2.035 
132 PBI09C039-BC-DH78 4.244 2.162 1.087 2.338 
133 PBI09C039-BC-DH81 4.132 2.912 1.248 2.217 
134 PBI09C039-BC-DH88 5.886 1.969 1.189 1.974 
135 PBI09C043-BC-DH3 5.47 2.795 1.297 3.389 
 337 
 
136 PBI09C043-BC-DH10 4.634 2.794 0.585 3.069 
137 PBI09C043-BC-DH11 5.72 2.855 1.607 3.007 
138 PBI09C043-BC-DH12 5.434 2.766 1.197 3.162 
139 PBI09C043-BC-DH14 5.633 2.904 1.014 3.488 
140 PBI09C043-BC-DH15 4.929 2.602 0.865 2.297 
141 PBI09C043-BC-DH28 4.965 3.528 1.369 2.982 
142 PBI09C043-BC-DH31 6.256 2.632 1.523 2.808 
143 PBI09C043-BC-DH48 4.821 3.204 1.356 4.054 
144 PBI09C043-BC-DH51 4.996 2.272 1.066 2.881 
145 PBI09C043-BC-DH55 7.251 2.807 1.308 3.046 
146 PBI09C045-BC-DH2 * 3.978 1.527 4.428 
147 PBI09C045-BC-DH4 5.362 2.989 0.675 4.09 
148 PBI09C045-BC-DH6 6.589 3.042 1.5 3.67 
149 PBI09C045-BC-DH13 3.687 3.114 1.257 4.174 
150 PBI09C045-BC-DH15 6.527 3.466 1.246 3.454 
151 PBI09C045-BC-DH17 6.47 3.08 1.428 3.934 
152 PBI09C045-BC-DH27 7.45 3.345 1.23 4.567 
153 PBI09C045-BC-DH28 7.652 4.092 0.617 4.492 
154 PBI09C045-BC-DH30 7.024 4.376 1.136 4.187 
155 PBI09C045-BC-DH31 7.369 3.793 1.212 4.031 
156 PBI09C049-BC-DH4 8.57 4.341 1.952 3.858 
157 PBI09C051-BC-DH4 6.004 4.697 1.174 4.123 
158 PBI09C001-BC-DH8 6.332 7.258 2.629 5.36 
159 PBI09C001-BC-DH46 8.36 4.175 5.425 5.177 
160 PBI09C001-BC-DH61 7.391 5.495 4.52 5.417 
161 PBI09C001-BC-DH79 6.096 8.16 7.649 6.689 
162 PBI09C001-BC-DH80 8.831 4.738 4.007 5.159 
163 PBI09C001-BC-DH86 8.327 6.817 3.121 4.973 
164 PBI09C002-BC-DH6 8.392 5.854 10.162 6.985 
165 PBI09C002-BC-DH8 8.012 9.515 3.566 5.823 
166 PBI09C004-BC-DH1 7.861 5.677 6.11 5.599 
167 PBI09C004-BC-DH51 7.303 8.216 3.041 5.22 
168 PBI09C008-BC-DH7 8.565 3.792 2.048 3.955 
169 PBI09C008-BC-DH17 5.413 3.26 1.722 3.736 
170 PBI09C009-BC-DH1 4.671 2.651 1.662 3.269 
171 PBI09C009-BC-DH29 5.091 3.44 1.522 3.788 
172 PBI09C009-BC-DH30 5.299 2.838 1.425 3.173 
173 PBI09C009-BC-DH52 5.867 3.288 1.221 2.95 
174 PBI09C009-BC-DH56 5.541 3.577 1.701 3.035 
175 PBI09C016-BC-DH7 5.174 4.309 1.446 4.091 
176 PBI09C018-BC-DH4 5.126 4.37 1.356 3.505 
177 PBI09C018-BC-DH8 4.961 3.113 1.547 3.712 
178 PBI09C021-BC-DH4 5.982 3.795 2.389 5.323 
179 PBI09C021-BC-DH19 5.474 5.385 3.059 5.103 
180 PBI09C026-BC-DH39 6.114 4.207 2.589 4.107 
181 PBI09C026-BC-DH65 4.217 3.08 1.615 3.044 
182 PBI09C026-BC-DH71 4.59 2.903 2.052 3.19 
183 PBI09C026-BC-DH88 5.127 3.994 1.717 3.237 
184 PBI09C028-BC-DH18 4.72 3.149 2.765 4.05 
185 PBI09C034-BC-DH19 5.195 3.262 0.617 3.762 
186 PBI09C034-BC-DH21 4.677 3.778 0.926 3.964 
187 PBI09C035-BC-DH20 5.841 1.993 1.586 3.261 
188 PBI09C035-BC-DH22 5.084 2.966 1.037 3.456 
189 PBI09C038-BC-DH1 5.92 1.684 0.931 1.908 
190 PBI09C038-BC-DH4 5.753 1.598 1.107 1.6 
191 PBI09C038-BC-DH24 5.743 3.236 1.209 2.359 
192 PBI09C039-BC-DH53 5.547 3.059 1.044 2.47 
193 PBI09C039-BC-DH60 6.497 2.504 0.886 2.517 
194 PBI09C043-BC-DH22 7.201 2.541 1.291 3.071 
195 PBI09C043-BC-DH44 4.959 1.655 1.193 2.869 
196 PBI09C045-BC-DH20 5.287 5.412 1.49 3.657 
197 PBI09C045-BC-DH21 5.636 2.797 1.483 3.465 
198 PBI09C049-BC-DH1 5.29 2.795 1.863 3.343 
199 PBI09C049-BC-DH5 5.475 3.837 1.551 3.569 
200 PBI09C049-BC-DH6 5.46 2.842 2.249 3.417 
201 PBI09C001-BC-DH10 5.332 
   202 PBI09C001-BC-DH100 5.044 
   203 PBI09C001-BC-DH14 5.782 
   204 PBI09C001-BC-DH16 4.487 
   205 PBI09C001-BC-DH17 4.705 
   206 PBI09C001-BC-DH25 5.657 
   207 PBI09C001-BC-DH26 5.742 
   208 PBI09C001-BC-DH29 4.663 
   209 PBI09C001-BC-DH30 6.008 
   210 PBI09C001-BC-DH31 6.396 
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211 PBI09C001-BC-DH38 5.718 
   212 PBI09C001-BC-DH39 6.565 
   213 PBI09C001-BC-DH44 5.174 
   214 PBI09C001-BC-DH45 5.737 
   215 PBI09C001-BC-DH47 5.611 
   216 PBI09C001-BC-DH49 5.085 
   217 PBI09C001-BC-DH51 4.325 
   218 PBI09C001-BC-DH52 5.003 
   219 PBI09C001-BC-DH54 4.845 
   220 PBI09C001-BC-DH60 4.808 
   221 PBI09C001-BC-DH67 3.783 
   222 PBI09C001-BC-DH68 5.371 
   223 PBI09C001-BC-DH69 5.053 
   224 PBI09C001-BC-DH7 6.066 
   225 PBI09C001-BC-DH71 5.204 
   226 PBI09C001-BC-DH73 4.691 
   227 PBI09C001-BC-DH74 4.893 
   228 PBI09C001-BC-DH75 5.716 
   229 PBI09C001-BC-DH76 7.955 
   230 PBI09C001-BC-DH78 7.834 
   231 PBI09C001-BC-DH82 6.782 
   232 PBI09C001-BC-DH83 7.682 
   233 PBI09C001-BC-DH84 5.295 
   234 PBI09C001-BC-DH85 7.024 
   235 PBI09C001-BC-DH88 7.844 
   236 PBI09C001-BC-DH90 8.132 
   237 PBI09C001-BC-DH99 6.792 
   238 PBI09C002-BC-DH14 6.982 
   239 PBI09C002-BC-DH21 5.665 
   240 PBI09C002-BC-DH9 7.421 
   241 PBI09C004-BC-DH101 5.769 
   242 PBI09C004-BC-DH114 7.039 
   243 PBI09C004-BC-DH119 5.296 
   244 PBI09C004-BC-DH121 8.832 
   245 PBI09C004-BC-DH124 5.462 
   246 PBI09C004-BC-DH125 4.925 
   247 PBI09C004-BC-DH2 8.77 
   248 PBI09C004-BC-DH20 4.94 
   249 PBI09C004-BC-DH29 7.471 
   250 PBI09C004-BC-DH35 5.309 
   251 PBI09C004-BC-DH37 6.13 
   252 PBI09C004-BC-DH41 3.1 
   253 PBI09C004-BC-DH46 2.379 
   254 PBI09C004-BC-DH54 3.089 
   255 PBI09C004-BC-DH66 3.702 
   256 PBI09C004-BC-DH68 4.697 
   257 PBI09C004-BC-DH71 3.922 
   258 PBI09C004-BC-DH79 2.887 
   259 PBI09C004-BC-DH8 2.174 
   260 PBI09C004-BC-DH80 2.825 
   261 PBI09C004-BC-DH81 1.506 
   262 PBI09C004-BC-DH85 3.741 
   263 PBI09C004-BC-DH91 8.286 
   264 PBI09C004-BC-DH93 3.163 
   265 PBI09C008-BC-DH12 2.922 
   266 PBI09C008-BC-DH14 2.857 
   267 PBI09C008-BC-DH18 3.524 
   268 PBI09C008-BC-DH21 1.621 
   269 PBI09C008-BC-DH22 3.569 
   270 PBI09C008-BC-DH24 3.109 
   271 PBI09C008-BC-DH25 4.387 
   272 PBI09C008-BC-DH27 4.311 
   273 PBI09C008-BC-DH28 3.345 
   274 PBI09C008-BC-DH33 2.535 
   275 PBI09C008-BC-DH34 3.625 
   276 PBI09C008-BC-DH38 2.798 
   277 PBI09C009-BC-DH10 4.352 
   278 PBI09C009-BC-DH22 2.902 
   279 PBI09C009-BC-DH24 3.078 
   280 PBI09C009-BC-DH28 3.1 
   281 PBI09C009-BC-DH3 4.375 
   282 PBI09C009-BC-DH32 1.654 
   283 PBI09C009-BC-DH33 3.689 
   284 PBI09C009-BC-DH38 3.377 
   285 PBI09C009-BC-DH39 3.31 
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286 PBI09C009-BC-DH40 3.891 
   287 PBI09C009-BC-DH42 3.99 
   288 PBI09C009-BC-DH46 3.605 
   289 PBI09C009-BC-DH5 3.893 
   290 PBI09C009-BC-DH53 3.255 
   291 PBI09C009-BC-DH54 5.015 
   292 PBI09C009-BC-DH59 3.538 
   293 PBI09C009-BC-DH6 2.735 
   294 PBI09C009-BC-DH61 4.34 
   295 PBI09C009-BC-DH69 3.6 
   296 PBI09C009-BC-DH73 5.487 
   297 PBI09C009-BC-DH79 3.593 
   298 PBI09C009-BC-DH83 2.978 
   299 PBI09C009-BC-DH91 3.584 
   300 PBI09C009-BC-DH97 4.203 
   301 PBI09C009-BC-DH98 3.827 
   302 PBI09C010-BC-DH14 3.74 
   303 PBI09C010-BC-DH16 4.154 
   304 PBI09C010-BC-DH17 3.46 
   305 PBI09C010-BC-DH2 3.256 
   306 PBI09C010-BC-DH20 5.995 
   307 PBI09C010-BC-DH5 3.596 
   308 PBI09C016-BC-DH11 2.86 
   309 PBI09C016-BC-DH5 3.54 
   310 PBI09C016-BC-DH6 3.917 
   311 PBI09C018-BC-DH10 3.169 
   312 PBI09C018-BC-DH12 2.811 
   313 PBI09C018-BC-DH13 4.38 
   314 PBI09C018-BC-DH15 4.512 
   315 PBI09C018-BC-DH16 8.982 
   316 PBI09C018-BC-DH17 3.694 
   317 PBI09C018-BC-DH18 3.131 
   318 PBI09C018-BC-DH22 8.115 
   319 PBI09C018-BC-DH24 4.747 
   320 PBI09C018-BC-DH26 5.957 
   321 PBI09C018-BC-DH7 7.027 
   322 PBI09C021-BC-DH3 5.933 
   323 PBI09C021-BC-DH6 4.026 
   324 PBI09C023-BC-DH1 6.067 
   325 PBI09C023-BC-DH4 5.619 
   326 PBI09C026-BC-DH100 6.272 
   327 PBI09C026-BC-DH102 3.922 
   328 PBI09C026-BC-DH103 5.979 
   329 PBI09C026-BC-DH105 4.922 
   330 PBI09C026-BC-DH107 5.917 
   331 PBI09C026-BC-DH108 4.679 
   332 PBI09C026-BC-DH109 6.426 
   333 PBI09C026-BC-DH111 6.634 
   334 PBI09C026-BC-DH112 5.35 
   335 PBI09C026-BC-DH113 7.266 
   336 PBI09C026-BC-DH116 6.963 
   337 PBI09C026-BC-DH117 6.015 
   338 PBI09C026-BC-DH119 4.84 
   339 PBI09C026-BC-DH120 2.642 
   340 PBI09C026-BC-DH17 8.823 
   341 PBI09C026-BC-DH18 * 
   342 PBI09C026-BC-DH22 4.422 
   343 PBI09C026-BC-DH23 7.624 
   344 PBI09C026-BC-DH27 7.039 
   345 PBI09C026-BC-DH28 5.464 
   346 PBI09C026-BC-DH29 5.823 
   347 PBI09C026-BC-DH34 3.895 
   348 PBI09C026-BC-DH36 6.464 
   349 PBI09C026-BC-DH40 6.129 
   350 PBI09C026-BC-DH42 8.346 
   351 PBI09C026-BC-DH46 7.635 
   352 PBI09C026-BC-DH47 8.999 
   353 PBI09C026-BC-DH54 6.541 
   354 PBI09C026-BC-DH58 10.442 
   355 PBI09C026-BC-DH60 7.703 
   356 PBI09C026-BC-DH61 6.77 
   357 PBI09C026-BC-DH62 5.04 
   358 PBI09C026-BC-DH63 7.198 
   359 PBI09C026-BC-DH64 9.939 
   360 PBI09C026-BC-DH70 6.695 
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361 PBI09C026-BC-DH76 7.833 
   362 PBI09C026-BC-DH78 7.758 
   363 PBI09C026-BC-DH80 7.096 
   364 PBI09C026-BC-DH81 9.104 
   365 PBI09C026-BC-DH82 5.767 
   366 PBI09C026-BC-DH83 5.554 
   367 PBI09C026-BC-DH84 4.559 
   368 PBI09C026-BC-DH85 7.514 
   369 PBI09C026-BC-DH86 5.592 
   370 PBI09C026-BC-DH92 4.861 
   371 PBI09C026-BC-DH94 3.06 
   372 PBI09C026-BC-DH98 4.514 
   373 PBI09C028-BC-DH11 4.615 
   374 PBI09C028-BC-DH12 5.429 
   375 PBI09C028-BC-DH26 4.625 
   376 PBI09C028-BC-DH48 4.882 
   377 PBI09C028-BC-DH49 5.831 
   378 PBI09C028-BC-DH6 4.605 
   379 PBI09C028-BC-DH8 6.052 
   380 PBI09C028-BC-DH9 5.934 
   381 PBI09C034-BC-DH13 5.931 
   382 PBI09C034-BC-DH18 6.682 
   383 PBI09C034-BC-DH28 3.47 
   384 PBI09C035-BC-DH27 3.988 
   385 PBI09C035-BC-DH32 6.497 
   386 PBI09C038-BC-DH16 5.58 
   387 PBI09C038-BC-DH19 2.725 
   388 PBI09C038-BC-DH8 4.875 
   389 PBI09C039-BC-DH1 4.122 
   390 PBI09C039-BC-DH10 4.639 
   391 PBI09C039-BC-DH11 4.643 
   392 PBI09C039-BC-DH14 4.744 
   393 PBI09C039-BC-DH16 3.72 
   394 PBI09C039-BC-DH17 3.785 
   395 PBI09C039-BC-DH18 4.178 
   396 PBI09C039-BC-DH19 5.483 
   397 PBI09C039-BC-DH20 5.199 
   398 PBI09C039-BC-DH22 4.427 
   399 PBI09C039-BC-DH23 6.222 
   400 PBI09C039-BC-DH27 4.261 
   401 PBI09C039-BC-DH28 6.532 
   402 PBI09C039-BC-DH29 4.536 
   403 PBI09C039-BC-DH3 4.751 
   404 PBI09C039-BC-DH30 4.48 
   405 PBI09C039-BC-DH31 5.38 
   406 PBI09C039-BC-DH32 4.455 
   407 PBI09C039-BC-DH33 3.467 
   408 PBI09C039-BC-DH34 4.382 
   409 PBI09C039-BC-DH35 4.525 
   410 PBI09C039-BC-DH36 4.709 
   411 PBI09C039-BC-DH38 4.62 
   412 PBI09C039-BC-DH39 5.213 
   413 PBI09C039-BC-DH4 4.922 
   414 PBI09C039-BC-DH41 5.341 
   415 PBI09C039-BC-DH44 6.552 
   416 PBI09C039-BC-DH49 5.796 
   417 PBI09C039-BC-DH5 8.007 
   418 PBI09C039-BC-DH50 4.816 
   419 PBI09C039-BC-DH51 5.421 
   420 PBI09C039-BC-DH56 6.493 
   421 PBI09C039-BC-DH58 9.792 
   422 PBI09C039-BC-DH59 9.572 
   423 PBI09C039-BC-DH6 7.267 
   424 PBI09C039-BC-DH62 5.488 
   425 PBI09C039-BC-DH64 4.778 
   426 PBI09C039-BC-DH65 6.51 
   427 PBI09C039-BC-DH67 5.871 
   428 PBI09C039-BC-DH7 4.636 
   429 PBI09C039-BC-DH71 5.345 
   430 PBI09C039-BC-DH72 4.724 
   431 PBI09C039-BC-DH74 5.009 
   432 PBI09C039-BC-DH75 5.241 
   433 PBI09C039-BC-DH8 5.799 
   434 PBI09C039-BC-DH80 4.589 
   435 PBI09C039-BC-DH82 5.202 
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436 PBI09C039-BC-DH84 5.821 
   437 PBI09C039-BC-DH85 5.778 
   438 PBI09C039-BC-DH90 5.077 
   439 PBI09C039-BC-DH91 5.321 
   440 PBI09C039-BC-DH92 5.34 
   441 PBI09C039-BC-DH93 4.257 
   442 PBI09C039-BC-DH94 5.517 
   443 PBI09C043-BC-DH1 4.044 
   444 PBI09C043-BC-DH13 4.578 
   445 PBI09C043-BC-DH16 8.509 
   446 PBI09C043-BC-DH18 6.59 
   447 PBI09C043-BC-DH19 5.671 
   448 PBI09C043-BC-DH2 6.979 
   449 PBI09C043-BC-DH20 5.203 
   450 PBI09C043-BC-DH23 4.49 
   451 PBI09C043-BC-DH25 2.335 
   452 PBI09C043-BC-DH27 2.779 
   453 PBI09C043-BC-DH29 4.492 
   454 PBI09C043-BC-DH30 4.334 
   455 PBI09C043-BC-DH33 3.419 
   456 PBI09C043-BC-DH34 2.234 
   457 PBI09C043-BC-DH36 2.805 
   458 PBI09C043-BC-DH37 3.366 
   459 PBI09C043-BC-DH38 3.759 
   460 PBI09C043-BC-DH40 2.506 
   461 PBI09C043-BC-DH41 3.291 
   462 PBI09C043-BC-DH47 2.468 
   463 PBI09C043-BC-DH49 3.257 
   464 PBI09C043-BC-DH5 6.611 
   465 PBI09C043-BC-DH50 6.89 
   466 PBI09C043-BC-DH53 6.17 
   467 PBI09C043-BC-DH54 5.841 
   468 PBI09C043-BC-DH57 5.979 
   469 PBI09C043-BC-DH6 5.986 
   470 PBI09C043-BC-DH67 6.928 
   471 PBI09C043-BC-DH8 3.873 
   472 PBI09C045-BC-DH10 5.73 
   473 PBI09C045-BC-DH3 5.612 
   474 PBI09C045-BC-DH8 6.039 
   475 PBI09C048-BC-DH23 6.673 
   476 PBI09C048-BC-DH39 7.14 
   477 PBI09C048-BC-DH40 4.004 
   478 PBI09C048-BC-DH8 5.031 
   479 PBI09C049-BC-DH2 7.829 
   480 PBI09C049-BC-DH3 4.499       
 
Grand Means 5.2266 3.8303 2.0214 3.712 
 
Standard error 1.288 1.496 0.6874 0.682 
 
LSD (5%) (Genotype x Environment) 2.323 2.323 2.323 
 
 
LSD (5%) (Genotype) 2.538 2.956 1.737 1.341 
  %CV  19.97 35.35 31.02 28.05 
 
Table 15: Mean of protein content (%) from independent analysis 
Entry          Protein %     
number Genotype/Designation E1 E2 E3 E4 E5 
1 Berkut 13.7 12.99 12.49 13.63 13.48 
2 SOKOLL 13.97 14.41 13.07 14.82 14.22 
3 2-49/CUNNINGHAM//KENNEDY 13.47 12.94 12.33 14.35 14.28 
4 T.DICOCCONP194625/AE.SQUARROSA 13.98 13.85 12.71 15.41 14.83 
5 PBW502 14.44 13.3 12.65 13.62 13.16 
6 PBW550 16.28 13.9 13.22 13.75 14.22 
7 DBW16 14.26 12.56 11.9 13.1 13.24 
8 DBW17 14 13.08 12.56 13.5 13.67 
9 Sunlin 13.85 13.97 12.67 14.56 14.64 
10 Waxwing*2/Kiritati * * * 14.14 14.29 
11 SUNTOP 12.94 12.83 11.86 13.71 12.74 
12 EGA-Gregory 13.78 13.4 11.31 14.24 13.35 
13 Spitfire 14.76 13.86 12.79 15.15 15.04 
14 PBI09C001-BC-DH1 13.3 13.42 12.11 14.93 14.48 
15 PBI09C001-BC-DH9 13.01 13.59 11.78 14.56 14.37 
16 PBI09C001-BC-DH33 13.49 13.16 12.03 14.44 14.45 
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17 PBI09C001-BC-DH58 13.29 13.42 11.94 15.18 14.66 
18 PBI09C001-BC-DH64 13.57 13.18 12.2 15.29 14.32 
19 PBI09C001-BC-DH89 13.61 13.6 12.63 14.34 15.12 
20 PBI09C001-BC-DH98 13.44 13.35 12.15 14.69 14.75 
21 PBI09C002-BC-DH1 12.85 13.56 12.16 16 16.11 
22 PBI09C002-BC-DH5 13.48 13.49 11.84 14.64 14.75 
23 PBI09C002-BC-DH20 13.53 13.62 12.25 14.97 14.85 
24 PBI09C004-BC-DH23 13.3 13.64 11.59 15.09 14.4 
25 PBI09C004-BC-DH24 13.11 13.06 11.83 14.16 14.65 
26 PBI09C004-BC-DH74 13.37 13.4 12.29 14.55 14.68 
27 PBI09C004-BC-DH76 13.19 13.72 11.6 14.73 14.29 
28 PBI09C004-BC-DH78 13.49 13.5 12.23 14.49 14.19 
29 PBI09C004-BC-DH106 13.35 12.78 11.61 14.54 14.08 
30 PBI09C004-BC-DH117 13.54 13.4 11.67 15.41 15.01 
31 PBI09C004-BC-DH118 13.31 13.54 11.34 14.7 13.81 
32 PBI09C008-BC-DH1 13.74 13.6 12.44 13.21 13.61 
33 PBI09C008-BC-DH8 13.81 13.71 12.71 14.33 14.14 
34 PBI09C008-BC-DH19 14.3 13.89 13.52 13.8 14.03 
35 PBI09C008-BC-DH20 14.12 13.95 13.2 13.79 13.88 
36 PBI09C008-BC-DH23 14.21 13.94 13.56 13.91 14.41 
37 PBI09C008-BC-DH26 14.08 13.43 13.39 14.49 14.31 
38 PBI09C008-BC-DH30 14.46 14.03 13.3 13.91 14.25 
39 PBI09C008-BC-DH31 14.38 13.75 13.36 13.75 13.63 
40 PBI09C008-BC-DH32 14.21 13.97 13.23 14.12 14.95 
41 PBI09C008-BC-DH35 14.22 13.7 13.43 14.43 14.24 
42 PBI09C008-BC-DH39 14.58 13.59 13.36 13.71 14.18 
43 PBI09C008-BC-DH40 14.14 13.77 13.22 13.89 14 
44 PBI09C009-BC-DH2 14.69 13.75 13.54 14.09 14.06 
45 PBI09C009-BC-DH16 14.34 13.97 12.95 13.82 14.1 
46 PBI09C009-BC-DH17 15.53 14.07 14.03 14.02 14.49 
47 PBI09C009-BC-DH25 14.86 14.29 13.57 14.1 14.82 
48 PBI09C009-BC-DH57 15.08 14 13.61 14.27 13.79 
49 PBI09C009-BC-DH71 14.73 13.8 13.34 13.98 14.62 
50 PBI09C009-BC-DH76 14.36 14.2 13.05 13.78 13.5 
51 PBI09C009-BC-DH84 14.53 13.8 12.7 13.59 13.43 
52 PBI09C009-BC-DH86 14.79 13.86 13.74 14.32 14.33 
53 PBI09C009-BC-DH89 14.84 13.84 13.72 14.06 14.39 
54 PBI09C010-BC-DH1 14.5 13.74 13.14 14.05 14.11 
55 PBI09C010-BC-DH3 14.37 13.9 13.06 14.22 13.84 
56 PBI09C010-BC-DH4 14.11 14.07 13.47 14.26 14.18 
57 PBI09C010-BC-DH7 14.21 13.92 13.33 13.94 14.11 
58 PBI09C010-BC-DH8 14.34 13.92 13.13 13.85 14.29 
59 PBI09C010-BC-DH9 13.79 13.49 12.78 13.49 14.14 
60 PBI09C010-BC-DH10 13.81 13.41 13.25 14.63 14.58 
61 PBI09C010-BC-DH13 14.7 13.87 13.83 14.09 14.52 
62 PBI09C010-BC-DH15 14.36 13.52 13.43 13.99 13.83 
63 PBI09C010-BC-DH18 14.45 13.71 13.59 13.96 14.13 
64 PBI09C010-BC-DH19 13.99 13.79 13.48 14.34 13.98 
65 PBI09C016-BC-DH4 14.9 13.69 12.98 14.64 14.49 
66 PBI09C018-BC-DH2 15.87 13.24 12.69 14.58 14.33 
67 PBI09C018-BC-DH5 15.54 13.38 12.22 13.74 13.64 
68 PBI09C018-BC-DH6 15.25 13.77 13.36 14.43 14 
69 PBI09C018-BC-DH9 15.82 13.44 12.18 13.52 14.15 
70 PBI09C018-BC-DH11 15.59 13.46 12.23 13.98 13.77 
71 PBI09C018-BC-DH20 15.45 13.56 12.34 14.16 13.36 
72 PBI09C018-BC-DH29 15.88 13.59 12.3 14.33 14.26 
73 PBI09C021-BC-DH5 12.94 13.05 12.25 13.6 14 
74 PBI09C021-BC-DH7 13.07 12.74 11.79 14.44 13.09 
75 PBI09C023-BC-DH2 13.03 12.71 12.46 14.95 13.71 
76 PBI09C023-BC-DH3 12.52 13.28 11.88 13.66 13.91 
77 PBI09C026-BC-DH21 14.33 13 12.8 13.67 13.61 
78 PBI09C026-BC-DH31 14.6 13.6 12.7 13.75 13.74 
79 PBI09C026-BC-DH66 14.26 13.64 13.11 14.6 13.73 
80 PBI09C026-BC-DH73 14.23 13.69 12.61 14.29 13.74 
81 PBI09C026-BC-DH87 14.38 13.16 13.02 14.01 13.68 
82 PBI09C026-BC-DH91 14.02 13.52 12.47 14.82 13.83 
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83 PBI09C026-BC-DH99 14.25 13.31 12.9 13.85 13.46 
84 PBI09C026-BC-DH110 14.04 13.38 12.59 14.32 14.13 
85 PBI09C026-BC-DH114 14.15 13.29 12.46 13.95 13.42 
86 PBI09C028-BC-DH2 13.6 13.43 12.77 13.66 13.78 
87 PBI09C028-BC-DH3 14.13 13.39 12.96 13.84 13.65 
88 PBI09C028-BC-DH5 14.02 13.17 12.63 13.8 13.53 
89 PBI09C028-BC-DH7 13.95 13.36 12.65 14.44 14.29 
90 PBI09C028-BC-DH10 13.96 13.24 12.93 14.29 13.7 
91 PBI09C028-BC-DH17 14.33 13.26 13.08 13.94 13.7 
92 PBI09C028-BC-DH27 13.79 13.12 12.24 13.92 13.7 
93 PBI09C028-BC-DH32 13.95 13.04 12.75 13.96 13.5 
94 PBI09C028-BC-DH37 14.21 13.4 12.65 13.99 14.1 
95 PBI09C028-BC-DH38 13.83 13.21 12.45 14.05 13.91 
96 PBI09C028-BC-DH44 14.23 13.39 13.07 14.01 13.45 
97 PBI09C028-BC-DH54 14.28 13.58 13.62 14 13.77 
98 PBI09C034-BC-DH9 14.04 13.24 12.16 13.63 13.07 
99 PBI09C034-BC-DH17 14.47 13.36 12.52 14.12 13.43 
100 PBI09C034-BC-DH23 14.79 13.25 12.33 13.69 13.24 
101 PBI09C034-BC-DH27 14.15 12.78 12.61 13.43 13.4 
102 PBI09C034-BC-DH29 14.86 12.86 12.44 14.58 13.79 
103 PBI09C034-BC-DH30 14.8 13.25 12.61 13.65 13.39 
104 PBI09C034-BC-DH33 14.96 13.24 12.23 13.72 13.36 
105 PBI09C034-BC-DH34 14.45 13.43 12.67 13.77 13.44 
106 PBI09C035-BC-DH2 14.62 13.12 12.5 13.77 13.76 
107 PBI09C035-BC-DH3 14.68 13.6 12.52 14.12 13.79 
108 PBI09C035-BC-DH7 15.48 13.67 12.87 13.93 14 
109 PBI09C035-BC-DH11 14.27 13.08 12.61 13.65 13.36 
110 PBI09C035-BC-DH13 14.71 13.14 12.71 13.93 13.47 
111 PBI09C035-BC-DH21 14.25 13.23 12.28 14.01 13.75 
112 PBI09C035-BC-DH25 14.35 12.97 12.17 13.49 13.46 
113 PBI09C035-BC-DH26 14.5 12.68 12.48 13.96 13.4 
114 PBI09C035-BC-DH28 14.81 12.6 12.55 13.94 13.07 
115 PBI09C035-BC-DH37 14.04 12.91 12.64 13.22 13.35 
116 PBI09C035-BC-DH41 15.17 13.55 12.2 14 13.75 
117 PBI09C038-BC-DH7 16.53 14.27 13.42 13.62 13.88 
118 PBI09C038-BC-DH9 15.58 14.07 13.11 13.44 13.9 
119 PBI09C038-BC-DH10 16.19 13.78 13.55 13.87 13.87 
120 PBI09C038-BC-DH17 15.96 13.88 13.39 13.58 13.76 
121 PBI09C038-BC-DH21 16.99 15.06 13.8 14.53 14.31 
122 PBI09C038-BC-DH22 17.27 14.9 14.17 14.52 14.63 
123 PBI09C038-BC-DH23 16.55 14.21 13.65 14.16 14.11 
124 PBI09C039-BC-DH9 17.54 14.11 13.98 13.93 13.96 
125 PBI09C039-BC-DH26 16.42 14.27 13 13.74 14.01 
126 PBI09C039-BC-DH40 16.85 14.29 13.83 14.12 13.44 
127 PBI09C039-BC-DH46 14.15 13.24 12.18 13.95 13.89 
128 PBI09C039-BC-DH47 17.25 14.38 13.81 14.03 14.17 
129 PBI09C039-BC-DH63 17.16 13.81 13.64 14.13 13.83 
130 PBI09C039-BC-DH69 16.52 14 13.75 14.42 14.07 
131 PBI09C039-BC-DH73 15.86 14.13 13.55 13.72 13.72 
132 PBI09C039-BC-DH78 17.42 15.04 14.3 14.15 14.35 
133 PBI09C039-BC-DH81 16.17 13.87 13.39 13.83 13.79 
134 PBI09C039-BC-DH88 16.96 13.96 13.8 14.17 14.05 
135 PBI09C043-BC-DH3 14 13.01 11.76 13.77 13.19 
136 PBI09C043-BC-DH10 13.8 12.73 12.21 13.31 13.08 
137 PBI09C043-BC-DH11 13.83 12.82 12.18 13.33 13.1 
138 PBI09C043-BC-DH12 13.7 12.81 11.98 13.22 13.16 
139 PBI09C043-BC-DH14 13.98 12.28 11.96 13.13 12.71 
140 PBI09C043-BC-DH15 14.89 12.33 12.42 13.51 12.85 
141 PBI09C043-BC-DH28 13.78 12.53 12.37 13.85 13.61 
142 PBI09C043-BC-DH31 13.88 12.53 12.25 13.76 12.99 
143 PBI09C043-BC-DH48 13.65 12.46 12.22 13.37 12.71 
144 PBI09C043-BC-DH51 14.42 12.72 11.99 13.02 13.55 
145 PBI09C043-BC-DH55 13.61 12.71 12.38 13.04 12.89 
146 PBI09C045-BC-DH2 13.97 12.47 11.77 12.88 12.97 
147 PBI09C045-BC-DH4 13.02 11.92 11.79 13.44 12.65 
148 PBI09C045-BC-DH6 13.85 12.21 12.01 13.23 12.63 
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149 PBI09C045-BC-DH13 13.9 12.26 12.01 13.15 12.76 
150 PBI09C045-BC-DH15 13.47 12.31 11.56 13.04 12.33 
151 PBI09C045-BC-DH17 13.25 12.5 11.85 13.47 12.81 
152 PBI09C045-BC-DH27 14.28 12.83 11.76 13.45 12.96 
153 PBI09C045-BC-DH28 13.59 12.5 11.71 13.71 12.52 
154 PBI09C045-BC-DH30 13.67 12.03 11.92 13.28 13.52 
155 PBI09C045-BC-DH31 13.69 12.27 11.84 12.82 12.74 
156 PBI09C049-BC-DH4 14.09 13.16 12.27 13.88 13.88 
157 PBI09C051-BC-DH4 14.57 12.82 11.94 13.55 13.28 
158 PBI09C001-BC-DH8 13.51 13.54 12.23 14.53 14.18 
159 PBI09C001-BC-DH46 13.27 13.52 12.66 14.37 14.21 
160 PBI09C001-BC-DH61 13.89 14.58 12.7 15.31 14.77 
161 PBI09C001-BC-DH79 13.47 13.41 11.84 14.22 14.53 
162 PBI09C001-BC-DH80 13.68 13.49 12.44 15.25 14.93 
163 PBI09C001-BC-DH86 13.22 13.94 12.35 14.71 14.7 
164 PBI09C002-BC-DH6 13.41 13.49 12.38 15.08 16.24 
165 PBI09C002-BC-DH8 12.67 13.12 12.27 14.66 14.08 
166 PBI09C004-BC-DH1 12.88 13.48 11.72 14.27 14.87 
167 PBI09C004-BC-DH51 13.75 13.17 11.95 15.05 14.43 
168 PBI09C008-BC-DH7 13.84 13.79 12.18 13.86 13.35 
169 PBI09C008-BC-DH17 14.14 14.01 13.19 13.85 13.91 
170 PBI09C009-BC-DH1 13.98 13.85 13.48 14.2 14.15 
171 PBI09C009-BC-DH29 14.38 14.16 12.67 14.3 14.31 
172 PBI09C009-BC-DH30 14.58 13.87 12.91 14.05 13.92 
173 PBI09C009-BC-DH52 14.45 13.9 13.69 14.89 13.83 
174 PBI09C009-BC-DH56 14.43 13.77 12.82 13.41 13.64 
175 PBI09C016-BC-DH7 15.59 13.5 12.45 13.67 14.29 
176 PBI09C018-BC-DH4 14.78 12.89 12.21 13.37 13.77 
177 PBI09C018-BC-DH8 15.77 13.52 12.41 13.82 12.66 
178 PBI09C021-BC-DH4 13.17 12.97 11.28 14.12 13.83 
179 PBI09C021-BC-DH19 12.45 13.05 12.24 14.14 14.85 
180 PBI09C026-BC-DH39 13.91 13.14 12.11 13.91 13.92 
181 PBI09C026-BC-DH65 14.46 13.62 12.96 14.26 13.59 
182 PBI09C026-BC-DH71 14.24 12.95 12.93 14.33 13.01 
183 PBI09C026-BC-DH88 14.12 13.5 12.57 13.94 13.65 
184 PBI09C028-BC-DH18 13.68 12.98 12.45 13.86 13.74 
185 PBI09C034-BC-DH19 14.92 13.03 12.31 13.83 13.31 
186 PBI09C034-BC-DH21 14.35 13.22 11.92 13.71 13.25 
187 PBI09C035-BC-DH20 14.8 13.16 12.36 13.37 13.12 
188 PBI09C035-BC-DH22 14.31 13.45 12.66 13.76 13.3 
189 PBI09C038-BC-DH1 17.07 14.48 13.69 14.28 13.8 
190 PBI09C038-BC-DH4 16.51 13.98 13.36 14.45 14.07 
191 PBI09C038-BC-DH24 16.37 14.52 14.07 14.5 13.93 
192 PBI09C039-BC-DH53 15.94 12.85 12.19 12.89 12.5 
193 PBI09C039-BC-DH60 16.18 13.99 13.49 13.84 13.76 
194 PBI09C043-BC-DH22 14.03 12.47 12.03 12.81 13.21 
195 PBI09C043-BC-DH44 14.62 12.47 11.79 13.57 12.56 
196 PBI09C045-BC-DH20 13.12 12.42 11.94 13.58 12.58 
197 PBI09C045-BC-DH21 13.63 12.45 12.07 12.98 13.06 
198 PBI09C049-BC-DH1 16.86 13.7 12.62 13.98 13.31 
199 PBI09C049-BC-DH5 14.95 13.14 12.54 15.07 14.09 
200 PBI09C049-BC-DH6 15.38 12.82 12.09 13.52 * 
201 PBI09C001-BC-DH10 13.22 
    202 PBI09C001-BC-DH100 13.73 
    203 PBI09C001-BC-DH14 13.86 
    204 PBI09C001-BC-DH16 13.76 
    205 PBI09C001-BC-DH17 13.69 
  
 
 206 PBI09C001-BC-DH25 13.87 
   207 PBI09C001-BC-DH26 13.08 
    208 PBI09C001-BC-DH29 13.71 
    209 PBI09C001-BC-DH30 13.78 
    210 PBI09C001-BC-DH31 13.26 
    211 PBI09C001-BC-DH38 13.63 
    212 PBI09C001-BC-DH39 13.72 
    213 PBI09C001-BC-DH44 14.09 
    214 PBI09C001-BC-DH45 13.43 
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215 PBI09C001-BC-DH47 13.65 
    216 PBI09C001-BC-DH49 14.2 
    217 PBI09C001-BC-DH51 13.61 
    218 PBI09C001-BC-DH52 13.62 
    219 PBI09C001-BC-DH54 13.09 
    220 PBI09C001-BC-DH60 14.02 
    221 PBI09C001-BC-DH67 13.2 
    222 PBI09C001-BC-DH68 13.73 
    223 PBI09C001-BC-DH69 13.59 
    224 PBI09C001-BC-DH7 13.33 
    225 PBI09C001-BC-DH71 13.8 
    226 PBI09C001-BC-DH73 13.34 
    227 PBI09C001-BC-DH74 13.89 
    228 PBI09C001-BC-DH75 13.93 
    229 PBI09C001-BC-DH76 13.99 
    230 PBI09C001-BC-DH78 13.82 
    231 PBI09C001-BC-DH82 13.53 
    232 PBI09C001-BC-DH83 12.99 
    233 PBI09C001-BC-DH84 13.14 
    234 PBI09C001-BC-DH85 13.29 
    235 PBI09C001-BC-DH88 13.66 
    236 PBI09C001-BC-DH90 13.54 
    237 PBI09C001-BC-DH99 13.31 
    238 PBI09C002-BC-DH14 13.35 
    239 PBI09C002-BC-DH21 13.63 
    240 PBI09C002-BC-DH9 13.51 
    241 PBI09C004-BC-DH101 13.56 
    242 PBI09C004-BC-DH114 13.73 
    243 PBI09C004-BC-DH119 13.54 
    244 PBI09C004-BC-DH121 13.09 
    245 PBI09C004-BC-DH124 14.32 
    246 PBI09C004-BC-DH125 13.05 
    247 PBI09C004-BC-DH2 13.94 
    248 PBI09C004-BC-DH20 13.57 
    249 PBI09C004-BC-DH29 14.2 
    250 PBI09C004-BC-DH35 14 
    251 PBI09C004-BC-DH37 12.81 
    252 PBI09C004-BC-DH41 13.57 
    253 PBI09C004-BC-DH46 13.24 
    254 PBI09C004-BC-DH54 13.32 
    255 PBI09C004-BC-DH66 13.77 
    256 PBI09C004-BC-DH68 13.62 
    257 PBI09C004-BC-DH71 13.71 
    258 PBI09C004-BC-DH79 12.98 
    259 PBI09C004-BC-DH8 13.32 
    260 PBI09C004-BC-DH80 13.49 
    261 PBI09C004-BC-DH81 13.58 
    262 PBI09C004-BC-DH85 13.94 
    263 PBI09C004-BC-DH91 13.43 
    264 PBI09C004-BC-DH93 13.55 
    265 PBI09C008-BC-DH12 13.98 
    266 PBI09C008-BC-DH14 14.54 
    267 PBI09C008-BC-DH18 14.4 
    268 PBI09C008-BC-DH21 13.86 
    269 PBI09C008-BC-DH22 14.46 
    270 PBI09C008-BC-DH24 13.94 
    271 PBI09C008-BC-DH25 15.41 
    272 PBI09C008-BC-DH27 14.34 
    273 PBI09C008-BC-DH28 14.54 
    274 PBI09C008-BC-DH33 14.63 
    275 PBI09C008-BC-DH34 13.76 
    276 PBI09C008-BC-DH38 14.36 
    277 PBI09C009-BC-DH10 14.47 
    278 PBI09C009-BC-DH22 14.62 
    279 PBI09C009-BC-DH24 13.75 
    280 PBI09C009-BC-DH28 15.05 
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281 PBI09C009-BC-DH3 14.5 
    282 PBI09C009-BC-DH32 14.32 
    283 PBI09C009-BC-DH33 13.87 
    284 PBI09C009-BC-DH38 14.27 
    285 PBI09C009-BC-DH39 14.64 
    286 PBI09C009-BC-DH40 13.86 
    287 PBI09C009-BC-DH42 15.62 
    288 PBI09C009-BC-DH46 15.02 
    289 PBI09C009-BC-DH5 13.37 
    290 PBI09C009-BC-DH53 13.65 
    291 PBI09C009-BC-DH54 14.5 
    292 PBI09C009-BC-DH59 14.4 
    293 PBI09C009-BC-DH6 13.52 
    294 PBI09C009-BC-DH61 14.86 
    295 PBI09C009-BC-DH69 14.09 
    296 PBI09C009-BC-DH73 14.94 
    297 PBI09C009-BC-DH79 13.74 
    298 PBI09C009-BC-DH83 14.48 
    299 PBI09C009-BC-DH91 14.55 
    300 PBI09C009-BC-DH97 15.34 
    301 PBI09C009-BC-DH98 14.5 
    302 PBI09C010-BC-DH14 14.46 
    303 PBI09C010-BC-DH16 14.55 
    304 PBI09C010-BC-DH17 14.47 
    305 PBI09C010-BC-DH2 14.35 
    306 PBI09C010-BC-DH20 14.71 
    307 PBI09C010-BC-DH5 14.26 
    308 PBI09C016-BC-DH11 * 
    309 PBI09C016-BC-DH5 15.32 
    310 PBI09C016-BC-DH6 15.6 
    311 PBI09C018-BC-DH10 16.15 
    312 PBI09C018-BC-DH12 15.81 
    313 PBI09C018-BC-DH13 16.34 
    314 PBI09C018-BC-DH15 15.08 
    315 PBI09C018-BC-DH16 15.57 
    316 PBI09C018-BC-DH17 15.26 
    317 PBI09C018-BC-DH18 12.88 
    318 PBI09C018-BC-DH22 15.68 
    319 PBI09C018-BC-DH24 15.55 
    320 PBI09C018-BC-DH26 15.5 
    321 PBI09C018-BC-DH7 15.46 
    322 PBI09C021-BC-DH3 13.2 
    323 PBI09C021-BC-DH6 12.78 
    324 PBI09C023-BC-DH1 12.59 
    325 PBI09C023-BC-DH4 13.29 
    326 PBI09C026-BC-DH100 14.08 
    327 PBI09C026-BC-DH102 15.71 
    328 PBI09C026-BC-DH103 14.34 
    329 PBI09C026-BC-DH105 14.03 
    330 PBI09C026-BC-DH107 14.3 
    331 PBI09C026-BC-DH108 14.09 
    332 PBI09C026-BC-DH109 13.97 
    333 PBI09C026-BC-DH111 14.03 
    334 PBI09C026-BC-DH112 13.59 
    335 PBI09C026-BC-DH113 14.24 
    336 PBI09C026-BC-DH116 14.17 
    337 PBI09C026-BC-DH117 14.26 
    338 PBI09C026-BC-DH119 14.03 
    339 PBI09C026-BC-DH120 14.07 
    340 PBI09C026-BC-DH17 14.45 
    341 PBI09C026-BC-DH18 14.2 
    342 PBI09C026-BC-DH22 14.27 
    343 PBI09C026-BC-DH23 14.1 
    344 PBI09C026-BC-DH27 14.1 
    345 PBI09C026-BC-DH28 14.18 
    346 PBI09C026-BC-DH29 14.45 
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347 PBI09C026-BC-DH34 14.41 
    348 PBI09C026-BC-DH36 13.88 
    349 PBI09C026-BC-DH40 14.15 
    350 PBI09C026-BC-DH42 14.44 
    351 PBI09C026-BC-DH46 14.07 
    352 PBI09C026-BC-DH47 13.83 
    353 PBI09C026-BC-DH54 14.21 
    354 PBI09C026-BC-DH58 14.14 
    355 PBI09C026-BC-DH60 14.31 
    356 PBI09C026-BC-DH61 14.71 
    357 PBI09C026-BC-DH62 13.73 
    358 PBI09C026-BC-DH63 14.32 
    359 PBI09C026-BC-DH64 14.15 
    360 PBI09C026-BC-DH70 13.82 
    361 PBI09C026-BC-DH76 14.01 
    362 PBI09C026-BC-DH78 14.02 
    363 PBI09C026-BC-DH80 14.14 
    364 PBI09C026-BC-DH81 14.35 
    365 PBI09C026-BC-DH82 14.15 
    366 PBI09C026-BC-DH83 14 
    367 PBI09C026-BC-DH84 14.36 
    368 PBI09C026-BC-DH85 13.94 
    369 PBI09C026-BC-DH86 14.39 
    370 PBI09C026-BC-DH92 13.87 
    371 PBI09C026-BC-DH94 14.3 
    372 PBI09C026-BC-DH98 14.16 
    373 PBI09C028-BC-DH11 14.22 
    374 PBI09C028-BC-DH12 14.15 
    375 PBI09C028-BC-DH26 14.25 
    376 PBI09C028-BC-DH48 14.45 
    377 PBI09C028-BC-DH49 13.91 
    378 PBI09C028-BC-DH6 13.93 
    379 PBI09C028-BC-DH8 13.92 
    380 PBI09C028-BC-DH9 14.14 
    381 PBI09C034-BC-DH13 14.41 
    382 PBI09C034-BC-DH18 13.85 
    383 PBI09C034-BC-DH28 14.61 
    384 PBI09C035-BC-DH27 16.32 
    385 PBI09C035-BC-DH32 14.78 
    386 PBI09C038-BC-DH16 17.68 
    387 PBI09C038-BC-DH19 17.25 
    388 PBI09C038-BC-DH8 17.19 
    389 PBI09C039-BC-DH1 16.38 
    390 PBI09C039-BC-DH10 17.04 
    391 PBI09C039-BC-DH11 17.05 
    392 PBI09C039-BC-DH14 17.14 
    393 PBI09C039-BC-DH16 16.76 
    394 PBI09C039-BC-DH17 16.86 
    395 PBI09C039-BC-DH18 16.32 
    396 PBI09C039-BC-DH19 16.56 
    397 PBI09C039-BC-DH20 16.58 
    398 PBI09C039-BC-DH22 17.66 
    399 PBI09C039-BC-DH23 16.4 
    400 PBI09C039-BC-DH27 16.29 
    401 PBI09C039-BC-DH28 16.87 
    402 PBI09C039-BC-DH29 16.47 
    403 PBI09C039-BC-DH3 17.18 
    404 PBI09C039-BC-DH30 16.74 
    405 PBI09C039-BC-DH31 16.66 
    406 PBI09C039-BC-DH32 16.19 
    407 PBI09C039-BC-DH33 16.92 
    408 PBI09C039-BC-DH34 16.36 
    409 PBI09C039-BC-DH35 16.17 
    410 PBI09C039-BC-DH36 16.96 
    411 PBI09C039-BC-DH38 16.73 
    412 PBI09C039-BC-DH39 17.26 
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413 PBI09C039-BC-DH4 14.57 
    414 PBI09C039-BC-DH41 14 
    415 PBI09C039-BC-DH44 17.11 
    416 PBI09C039-BC-DH49 16.37 
    417 PBI09C039-BC-DH5 16.52 
    418 PBI09C039-BC-DH50 17.01 
    419 PBI09C039-BC-DH51 16.4 
    420 PBI09C039-BC-DH56 16.28 
    421 PBI09C039-BC-DH58 13.86 
    422 PBI09C039-BC-DH59 17.01 
    423 PBI09C039-BC-DH6 17.53 
    424 PBI09C039-BC-DH62 16.58 
    425 PBI09C039-BC-DH64 16.57 
    426 PBI09C039-BC-DH65 16.15 
    427 PBI09C039-BC-DH67 15.92 
    428 PBI09C039-BC-DH7 16.29 
    429 PBI09C039-BC-DH71 16.08 
    430 PBI09C039-BC-DH72 16.4 
    431 PBI09C039-BC-DH74 14.99 
    432 PBI09C039-BC-DH75 16.67 
    433 PBI09C039-BC-DH8 16.73 
    434 PBI09C039-BC-DH80 17.1 
    435 PBI09C039-BC-DH82 16.39 
    436 PBI09C039-BC-DH84 17.09 
    437 PBI09C039-BC-DH85 15.85 
    438 PBI09C039-BC-DH90 16.24 
    439 PBI09C039-BC-DH91 16.76 
    440 PBI09C039-BC-DH92 14.59 
    441 PBI09C039-BC-DH93 16.83 
    442 PBI09C039-BC-DH94 16.92 
    443 PBI09C043-BC-DH1 14.32 
    444 PBI09C043-BC-DH13 14.23 
    445 PBI09C043-BC-DH16 14.25 
    446 PBI09C043-BC-DH18 14.35 
    447 PBI09C043-BC-DH19 14.18 
    448 PBI09C043-BC-DH2 14.37 
    449 PBI09C043-BC-DH20 15.05 
    450 PBI09C043-BC-DH23 14.32 
    451 PBI09C043-BC-DH25 14.57 
    452 PBI09C043-BC-DH27 14.53 
    453 PBI09C043-BC-DH29 14.31 
    454 PBI09C043-BC-DH30 14.4 
    455 PBI09C043-BC-DH33 14.49 
    456 PBI09C043-BC-DH34 14.07 
    457 PBI09C043-BC-DH36 14.21 
    458 PBI09C043-BC-DH37 * 
    459 PBI09C043-BC-DH38 15.18 
    460 PBI09C043-BC-DH40 14.73 
    461 PBI09C043-BC-DH41 14.6 
    462 PBI09C043-BC-DH47 14.19 
    463 PBI09C043-BC-DH49 15.02 
    464 PBI09C043-BC-DH5 13.82 
    465 PBI09C043-BC-DH50 15.05 
    466 PBI09C043-BC-DH53 15.09 
    467 PBI09C043-BC-DH54 14.58 
    468 PBI09C043-BC-DH57 14.74 
    469 PBI09C043-BC-DH6 14.28 
    470 PBI09C043-BC-DH67 14.17 
    471 PBI09C043-BC-DH8 13.53 
    472 PBI09C045-BC-DH10 14.36 
    473 PBI09C045-BC-DH3 14.52 
    474 PBI09C045-BC-DH8 13.76 
    475 PBI09C048-BC-DH23 15.14 
    476 PBI09C048-BC-DH39 14.94 
    477 PBI09C048-BC-DH40 14.35 
    478 PBI09C048-BC-DH8 15.05 
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479 PBI09C049-BC-DH2 15.39 
    480 PBI09C049-BC-DH3 14.76         
 
Grand Means 14.55 13.42 12.649 14.14 13.84 
 
Standard error 0.328 0.492 0.5035 0.6785 0.4355 
 
LSD (5%) (Genotype x Environment) 1.058 1.058 1.058 1.058 1.058 
 
LSD (5%) (Genotype) 1.033 0.9702 0.9928 1.341 0.861 
  %CV 2.99 3.7 4 4.35 2.83 
 
 
Table 16: Mean of test weight (kg hL
-1
) from independent analysis 
Entry        
Test 
weight 
(kg hL-1) 
    
number Genotype/Designation E1 E2 E3 E4 E5 
1 Berkut 83.76 80.96 81.49 82.5 76.65 
2 SOKOLL 83.72 79.03 81.53 79.7 74.61 
3 2-49/CUNNINGHAM//KENNEDY 82.44 80.59 81.64 80.9 75.46 
4 T.DICOCCONP194625/AE.SQUARROSA 82.96 81.28 82.7 80.61 78.59 
5 PBW502 84.04 80.61 82.1 82.62 77.04 
6 PBW550 83.36 81.5 82.5 83.06 77.73 
7 DBW16 85.09 83.01 83.99 83.94 79.25 
8 DBW17 84.7 80.87 82.07 82.45 77.52 
9 Sunlin 82.55 81.63 82.86 81.43 80.15 
10 Waxwing*2/Kiritati * * * 81.89 75.25 
11 SUNTOP 83.58 80.68 81.97 80.87 78.54 
12 EGA-Gregory 83.84 80.31 83.6 79.19 77.29 
13 Spitfire 84.37 82.77 84.47 80.78 79.58 
14 PBI09C001-BC-DH1 85.17 81.09 82.39 79.2 76.3 
15 PBI09C001-BC-DH9 84.78 79.96 82.8 79.69 76.07 
16 PBI09C001-BC-DH33 84.73 82.15 82.71 81.73 77.2 
17 PBI09C001-BC-DH58 84.08 80.49 82.43 78.28 76.53 
18 PBI09C001-BC-DH64 84.82 82.04 82.85 79.5 76.69 
19 PBI09C001-BC-DH89 85.07 80.87 82.56 80.03 75.71 
20 PBI09C001-BC-DH98 83.96 81.45 83.16 79.33 76.63 
21 PBI09C002-BC-DH1 82.9 80.2 81.63 77.81 74.92 
22 PBI09C002-BC-DH5 84.31 81.14 82.67 80.7 76.52 
23 PBI09C002-BC-DH20 84.04 81.55 82.34 80.78 76.49 
24 PBI09C004-BC-DH23 85.22 80.49 83.13 77.91 75.89 
25 PBI09C004-BC-DH24 85.3 81.08 82.79 79.44 77.43 
26 PBI09C004-BC-DH74 84.96 81.49 82.01 80.51 76.08 
27 PBI09C004-BC-DH76 84.76 80.39 82.9 79.82 75.98 
28 PBI09C004-BC-DH78 84.47 80.27 81.34 79.77 77.42 
29 PBI09C004-BC-DH106 84.7 81.45 82.71 80.63 77.12 
30 PBI09C004-BC-DH117 84.94 81.16 82.62 79.49 76.07 
31 PBI09C004-BC-DH118 85.21 80.47 83.03 78.96 77.24 
32 PBI09C008-BC-DH1 81.19 76.83 78.82 79.15 73.62 
33 PBI09C008-BC-DH8 79 75.81 77.1 75.67 70.33 
34 PBI09C008-BC-DH19 80.74 78.39 79.08 78.66 73.18 
35 PBI09C008-BC-DH20 81.08 78.12 79.25 77.55 73.72 
36 PBI09C008-BC-DH23 80.86 77.76 78.66 77.33 72.09 
37 PBI09C008-BC-DH26 80.08 77.91 78.74 77.38 72.54 
38 PBI09C008-BC-DH30 79.88 77.4 78.67 78.26 71.76 
39 PBI09C008-BC-DH31 81.8 77.72 79.05 78.79 74.53 
40 PBI09C008-BC-DH32 82.35 78.63 80.17 79.25 72.34 
41 PBI09C008-BC-DH35 80.6 77.99 78.58 77.73 73.84 
42 PBI09C008-BC-DH39 80.02 78.24 79.28 78.99 72.2 
43 PBI09C008-BC-DH40 80.77 77.78 78.93 78.18 72.72 
44 PBI09C009-BC-DH2 80.83 77.32 79.2 78.11 72.44 
45 PBI09C009-BC-DH16 81.3 77 78.87 78.47 71.99 
46 PBI09C009-BC-DH17 81.76 77.64 78.93 79.9 73.32 
47 PBI09C009-BC-DH25 81.26 78.66 79.72 78.85 72.85 
48 PBI09C009-BC-DH57 82.4 79.35 80.46 79.44 75.45 
49 PBI09C009-BC-DH71 82.2 78.68 80.07 79.76 73.76 
50 PBI09C009-BC-DH76 82.82 78.32 80.15 78.89 73.9 
51 PBI09C009-BC-DH84 81.47 77.54 79.57 79.44 74.02 
52 PBI09C009-BC-DH86 82.18 78.5 79.88 79.87 73.64 
53 PBI09C009-BC-DH89 81.67 79.12 80.37 79.89 73.56 
54 PBI09C010-BC-DH1 81.54 77.56 78.76 76.67 73.01 
55 PBI09C010-BC-DH3 80.79 77.36 78.91 78.38 72.33 
56 PBI09C010-BC-DH4 80.21 77.56 78.95 76.96 72.29 
57 PBI09C010-BC-DH7 80.09 77.56 78.08 77.43 72.85 
58 PBI09C010-BC-DH8 80.31 76.81 78.69 78.22 72.16 
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59 PBI09C010-BC-DH9 79.9 76.72 78.11 77.15 72.05 
60 PBI09C010-BC-DH10 79.56 77.73 78.78 76.19 72.15 
61 PBI09C010-BC-DH13 80.22 77.21 78.05 78.15 71.52 
62 PBI09C010-BC-DH15 80.77 77.69 78.62 78.22 72.47 
63 PBI09C010-BC-DH18 80.17 78.06 78.33 78.19 72.43 
64 PBI09C010-BC-DH19 78.92 77.6 78.99 77.43 71.19 
65 PBI09C016-BC-DH4 81.1 77.28 78.37 78.2 72.89 
66 PBI09C018-BC-DH2 81.74 78.42 80.08 80.44 76.04 
67 PBI09C018-BC-DH5 82.01 77.43 79.32 79.98 74.85 
68 PBI09C018-BC-DH6 81.01 76.98 78.23 78.36 73.84 
69 PBI09C018-BC-DH9 81.28 77.82 79.07 80.16 75.74 
70 PBI09C018-BC-DH11 81.27 77.97 79.22 79.48 74.56 
71 PBI09C018-BC-DH20 82.17 78.33 79.98 80.7 75.07 
72 PBI09C018-BC-DH29 81.38 76.74 78.9 79.73 76.15 
73 PBI09C021-BC-DH5 79.62 76.08 77.76 75.34 72.22 
74 PBI09C021-BC-DH7 79.71 75.92 78.26 73.72 73.59 
75 PBI09C023-BC-DH2 80.52 77.09 78.25 74.03 72.57 
76 PBI09C023-BC-DH3 80.81 74.87 77.97 74.75 71.1 
77 PBI09C026-BC-DH21 84.79 80.16 81.58 81.77 77.43 
78 PBI09C026-BC-DH31 84.47 80.23 81.6 81.81 76.46 
79 PBI09C026-BC-DH66 85.01 79.94 81.89 80.31 77.12 
80 PBI09C026-BC-DH73 84.96 80.11 81.93 81.53 76.55 
81 PBI09C026-BC-DH87 84.47 80.85 81.82 81.98 77.2 
82 PBI09C026-BC-DH91 84.78 79.38 81.89 80.84 76.41 
83 PBI09C026-BC-DH99 84.7 80.22 81.57 82.48 77.5 
84 PBI09C026-BC-DH110 85.09 80.33 81.75 82.1 76.84 
85 PBI09C026-BC-DH114 84.26 80.29 82.04 82.3 77.11 
86 PBI09C028-BC-DH2 85 80.29 81.56 81.88 74.52 
87 PBI09C028-BC-DH3 84.86 80.53 81.38 82.35 76.55 
88 PBI09C028-BC-DH5 84.91 80.59 82.1 82.47 77.23 
89 PBI09C028-BC-DH7 84.91 80.92 81.84 80.48 75.85 
90 PBI09C028-BC-DH10 84.59 80.48 81.96 82.02 77.24 
91 PBI09C028-BC-DH17 84.8 81.05 82.01 82.52 76.82 
92 PBI09C028-BC-DH27 85.31 80.63 82.1 82.14 76.71 
93 PBI09C028-BC-DH32 84.84 80.42 81.54 81.88 77.09 
94 PBI09C028-BC-DH37 84.88 80.39 82.19 82.48 76.51 
95 PBI09C028-BC-DH38 84.66 80.02 82.01 82.15 76.5 
96 PBI09C028-BC-DH44 84.87 80.75 81.41 81.8 77.9 
97 PBI09C028-BC-DH54 84.68 80.42 80.92 82.51 76.63 
98 PBI09C034-BC-DH9 84.36 80.96 82.45 82.05 77.36 
99 PBI09C034-BC-DH17 83.66 80.82 81.56 81.78 76.61 
100 PBI09C034-BC-DH23 84.15 80.71 81.9 82.23 76.7 
101 PBI09C034-BC-DH27 83.71 80.23 80.8 82.83 75.73 
102 PBI09C034-BC-DH29 83.27 81.06 81.68 81.36 75.9 
103 PBI09C034-BC-DH30 83.72 80.28 81.37 81.86 76.35 
104 PBI09C034-BC-DH33 83.56 79.86 81.48 81.55 76.9 
105 PBI09C034-BC-DH34 83.78 79.82 80.76 82.15 75.88 
106 PBI09C035-BC-DH2 83.87 80.28 81.18 81.8 77.89 
107 PBI09C035-BC-DH3 83.77 80.42 81.99 81.24 75.97 
108 PBI09C035-BC-DH7 83.16 80.05 81.27 82.41 76.14 
109 PBI09C035-BC-DH11 84.08 79.09 81.28 81.37 75.98 
110 PBI09C035-BC-DH13 83.98 80.13 81.64 81.74 75.89 
111 PBI09C035-BC-DH21 83.2 80.49 81.15 81.93 75.9 
112 PBI09C035-BC-DH25 84.27 80.37 81.3 82.09 76.07 
113 PBI09C035-BC-DH26 83.21 80.44 81.55 81.31 75.9 
114 PBI09C035-BC-DH28 83.82 80.08 81.52 81.66 77.16 
115 PBI09C035-BC-DH37 83.43 80.64 81.32 82.14 76.92 
116 PBI09C035-BC-DH41 84.09 79.8 81.49 81.34 75.52 
117 PBI09C038-BC-DH7 82.69 81.35 82.4 82.66 78.21 
118 PBI09C038-BC-DH9 84.54 81.54 82.49 83.66 78.34 
119 PBI09C038-BC-DH10 83.92 81.51 81.99 82.93 78.3 
120 PBI09C038-BC-DH17 83.61 81.29 82.48 83.31 77.87 
121 PBI09C038-BC-DH21 83.22 80.99 82.57 82.75 77.64 
122 PBI09C038-BC-DH22 82.47 80.94 82.1 82.95 77.04 
123 PBI09C038-BC-DH23 83.9 81.68 82.75 82.58 78.72 
124 PBI09C039-BC-DH9 82.6 81.49 82.46 83.33 77.89 
125 PBI09C039-BC-DH26 82.18 81.54 82.45 83.26 77.89 
126 PBI09C039-BC-DH40 83.09 80.96 82.16 83.07 78.36 
127 PBI09C039-BC-DH46 85.23 81.03 82.04 82.42 77.34 
128 PBI09C039-BC-DH47 82.26 81.9 82.51 82.84 78.17 
129 PBI09C039-BC-DH63 82.78 81.81 82.07 82.37 77.76 
130 PBI09C039-BC-DH69 82.7 81.91 82.71 82.91 77.62 
131 PBI09C039-BC-DH73 82.83 81.37 82.25 83.43 78.61 
132 PBI09C039-BC-DH78 82.83 81.28 82.09 83.31 78.03 
133 PBI09C039-BC-DH81 83.21 81.98 82.52 82.28 78.09 
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134 PBI09C039-BC-DH88 82.94 81.4 82.52 83.54 78.85 
135 PBI09C043-BC-DH3 85.95 83.22 84.41 83.97 80.03 
136 PBI09C043-BC-DH10 85.35 82.51 83.54 83.8 80.04 
137 PBI09C043-BC-DH11 85.93 83.33 83.5 83.43 79.58 
138 PBI09C043-BC-DH12 85.09 82.89 83.58 84.22 79.11 
139 PBI09C043-BC-DH14 84.88 83.32 83.73 84.26 80.24 
140 PBI09C043-BC-DH15 85.1 82.85 83.85 83.61 80.57 
141 PBI09C043-BC-DH28 85.39 83.44 84.02 82.94 78.16 
142 PBI09C043-BC-DH31 84.81 82.82 83.89 82.97 79.54 
143 PBI09C043-BC-DH48 85.18 83.31 83.31 83.71 80.22 
144 PBI09C043-BC-DH51 85.38 82.49 83.71 83.9 78.06 
145 PBI09C043-BC-DH55 85.96 82.58 83.72 83.99 79.67 
146 PBI09C045-BC-DH2 85.67 83.27 84.13 83.98 79.42 
147 PBI09C045-BC-DH4 85.54 82.98 83.68 83.26 79.64 
148 PBI09C045-BC-DH6 85.8 82.37 83.62 83.47 78.75 
149 PBI09C045-BC-DH13 84.8 82.6 83.21 84.23 79.82 
150 PBI09C045-BC-DH15 85.57 82.38 83.7 83.59 80.7 
151 PBI09C045-BC-DH17 85.63 82.75 83.67 83.55 79.15 
152 PBI09C045-BC-DH27 84.42 82.21 83.66 83.85 80.15 
153 PBI09C045-BC-DH28 85.77 82.04 83.78 83.07 79.3 
154 PBI09C045-BC-DH30 85.12 82.48 83.27 83.07 79.07 
155 PBI09C045-BC-DH31 85.06 82.62 83.09 83.5 78.94 
156 PBI09C049-BC-DH4 85.87 81.39 82.44 81.73 77.26 
157 PBI09C051-BC-DH4 84.5 80.99 81.64 82.89 76.84 
158 PBI09C001-BC-DH8 84.73 80.08 82.12 79.65 78.23 
159 PBI09C001-BC-DH46 84.81 80.86 81.81 81.27 76.92 
160 PBI09C001-BC-DH61 83.82 78.71 81.78 80.22 76.88 
161 PBI09C001-BC-DH79 84.58 80.72 82.41 79.61 74.98 
162 PBI09C001-BC-DH80 84.52 81.22 82.58 80.3 75.93 
163 PBI09C001-BC-DH86 84.76 80.98 83.01 78.94 76.41 
164 PBI09C002-BC-DH6 84.56 81.17 82.51 80 72.86 
165 PBI09C002-BC-DH8 84.61 80.88 82.09 78.6 78.26 
166 PBI09C004-BC-DH1 84.89 80.22 82.1 80.49 75.07 
167 PBI09C004-BC-DH51 84.35 81.22 82.61 78.37 77.74 
168 PBI09C008-BC-DH7 79.73 75.95 78.65 77.49 73.08 
169 PBI09C008-BC-DH17 81.94 78.75 80.04 79.42 75.94 
170 PBI09C009-BC-DH1 80.87 76.84 77.93 76.52 71.16 
171 PBI09C009-BC-DH29 79.84 77.55 79.06 76.27 73.66 
172 PBI09C009-BC-DH30 81.54 78.6 79.65 77.68 72.32 
173 PBI09C009-BC-DH52 79.76 77.27 78.72 75.28 72.55 
174 PBI09C009-BC-DH56 80.79 76.91 78.75 78.47 72.02 
175 PBI09C016-BC-DH7 83.11 78.35 78.93 79.9 75.53 
176 PBI09C018-BC-DH4 82.88 78.13 79.67 79.95 75.12 
177 PBI09C018-BC-DH8 81.95 78.55 79.23 82.07 75.62 
178 PBI09C021-BC-DH4 79.62 75.97 78.99 74.79 73 
179 PBI09C021-BC-DH19 81.83 77.01 78.52 74.93 70.27 
180 PBI09C026-BC-DH39 85.03 79.9 82.2 82.04 76.49 
181 PBI09C026-BC-DH65 84.94 79.68 81.69 80.87 77.52 
182 PBI09C026-BC-DH71 85.01 80.95 81.61 81.79 77.35 
183 PBI09C026-BC-DH88 84.43 80.47 81.99 81.54 76.89 
184 PBI09C028-BC-DH18 85.16 80.76 82.43 81.98 77.04 
185 PBI09C034-BC-DH19 83.5 80.61 81.44 82.15 76.24 
186 PBI09C034-BC-DH21 84.32 80.75 81.99 82.09 76.09 
187 PBI09C035-BC-DH20 83.88 80.87 81.57 82.1 76.4 
188 PBI09C035-BC-DH22 83.22 80.28 81.11 80.7 76.4 
189 PBI09C038-BC-DH1 82.5 81.36 82.59 82.86 77.74 
190 PBI09C038-BC-DH4 83.68 81.85 82.36 82.75 78.31 
191 PBI09C038-BC-DH24 83.31 81.69 82.07 82 78.37 
192 PBI09C039-BC-DH53 83.03 83.16 83.81 83.8 80.33 
193 PBI09C039-BC-DH60 84.01 81.37 82.35 82.44 78.46 
194 PBI09C043-BC-DH22 85.81 83.6 83.55 84.41 79.68 
195 PBI09C043-BC-DH44 84.26 83.45 83.82 83.49 79.48 
196 PBI09C045-BC-DH20 85 82.92 83.53 82.56 79.47 
197 PBI09C045-BC-DH21 85.43 83.09 83.55 83.64 79.64 
198 PBI09C049-BC-DH1 81.93 81.17 82.31 83.13 78.58 
199 PBI09C049-BC-DH5 83.91 81.24 82.85 82.29 77.26 
200 PBI09C049-BC-DH6 84.68 81.2 82.55 83.47 * 
201 PBI09C001-BC-DH10 84.62 
  
  202 PBI09C001-BC-DH100 84.46 
  
  203 PBI09C001-BC-DH14 84 
  
  204 PBI09C001-BC-DH16 84.21 
    205 PBI09C001-BC-DH17 84.43 
  
 
 206 PBI09C001-BC-DH25 84.04 
   207 PBI09C001-BC-DH26 84.77 
    208 PBI09C001-BC-DH29 84.85 
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209 PBI09C001-BC-DH30 83.54 
    210 PBI09C001-BC-DH31 84.34 
    211 PBI09C001-BC-DH38 84.65 
    212 PBI09C001-BC-DH39 84.64 
    213 PBI09C001-BC-DH44 83.73 
    214 PBI09C001-BC-DH45 84.35 
    215 PBI09C001-BC-DH47 84.69 
    216 PBI09C001-BC-DH49 83.99 
    217 PBI09C001-BC-DH51 84.72 
    218 PBI09C001-BC-DH52 84.3 
    219 PBI09C001-BC-DH54 84.85 
    220 PBI09C001-BC-DH60 84.25 
    221 PBI09C001-BC-DH67 84.01 
    222 PBI09C001-BC-DH68 84.76 
    223 PBI09C001-BC-DH69 84.44 
    224 PBI09C001-BC-DH7 84.39 
    225 PBI09C001-BC-DH71 84.13 
    226 PBI09C001-BC-DH73 85.13 
    227 PBI09C001-BC-DH74 84.42 
    228 PBI09C001-BC-DH75 83.9 
    229 PBI09C001-BC-DH76 84.41 
    230 PBI09C001-BC-DH78 84.12 
    231 PBI09C001-BC-DH82 84.69 
    232 PBI09C001-BC-DH83 85.12 
    233 PBI09C001-BC-DH84 84.57 
    234 PBI09C001-BC-DH85 84.66 
    235 PBI09C001-BC-DH88 84.64 
    236 PBI09C001-BC-DH90 84.88 
    237 PBI09C001-BC-DH99 84.41 
    238 PBI09C002-BC-DH14 84.27 
    239 PBI09C002-BC-DH21 84.68 
    240 PBI09C002-BC-DH9 84.75 
    241 PBI09C004-BC-DH101 84.88 
    242 PBI09C004-BC-DH114 84.17 
    243 PBI09C004-BC-DH119 84.19 
    244 PBI09C004-BC-DH121 84.93 
    245 PBI09C004-BC-DH124 82.81 
    246 PBI09C004-BC-DH125 85.59 
    247 PBI09C004-BC-DH2 84.4 
    248 PBI09C004-BC-DH20 83.88 
    249 PBI09C004-BC-DH29 84.07 
    250 PBI09C004-BC-DH35 83.95 
    251 PBI09C004-BC-DH37 85.14 
    252 PBI09C004-BC-DH41 84.35 
    253 PBI09C004-BC-DH46 84.93 
    254 PBI09C004-BC-DH54 84.66 
    255 PBI09C004-BC-DH66 83.81 
    256 PBI09C004-BC-DH68 84.96 
    257 PBI09C004-BC-DH71 84.33 
    258 PBI09C004-BC-DH79 85.05 
    259 PBI09C004-BC-DH8 85.11 
    260 PBI09C004-BC-DH80 84.75 
    261 PBI09C004-BC-DH81 84.54 
    262 PBI09C004-BC-DH85 84.38 
    263 PBI09C004-BC-DH91 84.27 
    264 PBI09C004-BC-DH93 84.88 
    265 PBI09C008-BC-DH12 79.74 
    266 PBI09C008-BC-DH14 82.38 
    267 PBI09C008-BC-DH18 78.39 
    268 PBI09C008-BC-DH21 80.46 
    269 PBI09C008-BC-DH22 80.77 
    270 PBI09C008-BC-DH24 82.03 
    271 PBI09C008-BC-DH25 78.47 
    272 PBI09C008-BC-DH27 79.49 
    273 PBI09C008-BC-DH28 80.37 
    274 PBI09C008-BC-DH33 81 
    275 PBI09C008-BC-DH34 80.35 
    276 PBI09C008-BC-DH38 79.4 
    277 PBI09C009-BC-DH10 82.45 
    278 PBI09C009-BC-DH22 78.76 
    279 PBI09C009-BC-DH24 79.76 
    280 PBI09C009-BC-DH28 80.5 
    281 PBI09C009-BC-DH3 79.61 
    282 PBI09C009-BC-DH32 81.47 
    283 PBI09C009-BC-DH33 79.91 
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284 PBI09C009-BC-DH38 78.91 
    285 PBI09C009-BC-DH39 83.11 
    286 PBI09C009-BC-DH40 78.13 
    287 PBI09C009-BC-DH42 81.69 
    288 PBI09C009-BC-DH46 81.8 
    289 PBI09C009-BC-DH5 79.82 
    290 PBI09C009-BC-DH53 81.98 
    291 PBI09C009-BC-DH54 81.63 
    292 PBI09C009-BC-DH59 78.88 
    293 PBI09C009-BC-DH6 80.06 
    294 PBI09C009-BC-DH61 81.64 
    295 PBI09C009-BC-DH69 80.36 
    296 PBI09C009-BC-DH73 81.51 
    297 PBI09C009-BC-DH79 80.75 
    298 PBI09C009-BC-DH83 81.47 
    299 PBI09C009-BC-DH91 78.2 
    300 PBI09C009-BC-DH97 80.91 
    301 PBI09C009-BC-DH98 79.2 
    302 PBI09C010-BC-DH14 79.63 
    303 PBI09C010-BC-DH16 79.57 
    304 PBI09C010-BC-DH17 80.41 
    305 PBI09C010-BC-DH2 80.27 
    306 PBI09C010-BC-DH20 81.93 
    307 PBI09C010-BC-DH5 80.76 
    308 PBI09C016-BC-DH11 * 
    309 PBI09C016-BC-DH5 80.97 
    310 PBI09C016-BC-DH6 81.35 
    311 PBI09C018-BC-DH10 80.77 
    312 PBI09C018-BC-DH12 82.13 
    313 PBI09C018-BC-DH13 80.39 
    314 PBI09C018-BC-DH15 81.87 
    315 PBI09C018-BC-DH16 81.71 
    316 PBI09C018-BC-DH17 81.42 
    317 PBI09C018-BC-DH18 83.83 
    318 PBI09C018-BC-DH22 80.56 
    319 PBI09C018-BC-DH24 81.67 
    320 PBI09C018-BC-DH26 82.02 
    321 PBI09C018-BC-DH7 82.27 
    322 PBI09C021-BC-DH3 80.03 
    323 PBI09C021-BC-DH6 80.68 
    324 PBI09C023-BC-DH1 81.26 
    325 PBI09C023-BC-DH4 79.25 
    326 PBI09C026-BC-DH100 84.39 
    327 PBI09C026-BC-DH102 83.93 
    328 PBI09C026-BC-DH103 84.76 
    329 PBI09C026-BC-DH105 84.43 
    330 PBI09C026-BC-DH107 86.01 
    331 PBI09C026-BC-DH108 84.01 
    332 PBI09C026-BC-DH109 83.84 
    333 PBI09C026-BC-DH111 85.05 
    334 PBI09C026-BC-DH112 84.34 
    335 PBI09C026-BC-DH113 84.72 
    336 PBI09C026-BC-DH116 84.72 
    337 PBI09C026-BC-DH117 84.54 
    338 PBI09C026-BC-DH119 84.18 
    339 PBI09C026-BC-DH120 84.74 
    340 PBI09C026-BC-DH17 85.16 
    341 PBI09C026-BC-DH18 83.78 
    342 PBI09C026-BC-DH22 83.92 
    343 PBI09C026-BC-DH23 84.96 
    344 PBI09C026-BC-DH27 84.66 
    345 PBI09C026-BC-DH28 84.31 
    346 PBI09C026-BC-DH29 84.1 
    347 PBI09C026-BC-DH34 84.36 
    348 PBI09C026-BC-DH36 84.92 
    349 PBI09C026-BC-DH40 84.6 
    350 PBI09C026-BC-DH42 84.73 
    351 PBI09C026-BC-DH46 84.21 
    352 PBI09C026-BC-DH47 84.53 
    353 PBI09C026-BC-DH54 84.81 
    354 PBI09C026-BC-DH58 84.59 
    355 PBI09C026-BC-DH60 84.63 
    356 PBI09C026-BC-DH61 84.17 
    357 PBI09C026-BC-DH62 84.94 
    358 PBI09C026-BC-DH63 84.81 
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359 PBI09C026-BC-DH64 84.5 
    360 PBI09C026-BC-DH70 84.09 
    361 PBI09C026-BC-DH76 85.6 
    362 PBI09C026-BC-DH78 85.11 
    363 PBI09C026-BC-DH80 84.98 
    364 PBI09C026-BC-DH81 84.02 
    365 PBI09C026-BC-DH82 84.13 
    366 PBI09C026-BC-DH83 85.12 
    367 PBI09C026-BC-DH84 84.55 
    368 PBI09C026-BC-DH85 84.46 
    369 PBI09C026-BC-DH86 84.18 
    370 PBI09C026-BC-DH92 84.9 
    371 PBI09C026-BC-DH94 85.15 
    372 PBI09C026-BC-DH98 84.62 
    373 PBI09C028-BC-DH11 85.17 
    374 PBI09C028-BC-DH12 84.82 
    375 PBI09C028-BC-DH26 84.6 
    376 PBI09C028-BC-DH48 84.39 
    377 PBI09C028-BC-DH49 84.78 
    378 PBI09C028-BC-DH6 84.83 
    379 PBI09C028-BC-DH8 84.34 
    380 PBI09C028-BC-DH9 84.9 
    381 PBI09C034-BC-DH13 82.86 
    382 PBI09C034-BC-DH18 84.61 
    383 PBI09C034-BC-DH28 83.54 
    384 PBI09C035-BC-DH27 80.76 
    385 PBI09C035-BC-DH32 83.54 
    386 PBI09C038-BC-DH16 81.36 
    387 PBI09C038-BC-DH19 82.51 
    388 PBI09C038-BC-DH8 81.63 
    389 PBI09C039-BC-DH1 81.56 
    390 PBI09C039-BC-DH10 81.94 
    391 PBI09C039-BC-DH11 82.46 
    392 PBI09C039-BC-DH14 81.66 
    393 PBI09C039-BC-DH16 83.04 
    394 PBI09C039-BC-DH17 82.9 
    395 PBI09C039-BC-DH18 83.63 
    396 PBI09C039-BC-DH19 83.28 
    397 PBI09C039-BC-DH20 83.24 
    398 PBI09C039-BC-DH22 81.71 
    399 PBI09C039-BC-DH23 83.68 
    400 PBI09C039-BC-DH27 84.02 
    401 PBI09C039-BC-DH28 82.46 
    402 PBI09C039-BC-DH29 82.87 
    403 PBI09C039-BC-DH3 82.1 
    404 PBI09C039-BC-DH30 82.78 
    405 PBI09C039-BC-DH31 83.82 
    406 PBI09C039-BC-DH32 83.28 
    407 PBI09C039-BC-DH33 83.39 
    408 PBI09C039-BC-DH34 83.19 
    409 PBI09C039-BC-DH35 83.45 
    410 PBI09C039-BC-DH36 82.15 
    411 PBI09C039-BC-DH38 81.89 
    412 PBI09C039-BC-DH39 83.22 
    413 PBI09C039-BC-DH4 84.44 
    414 PBI09C039-BC-DH41 84.86 
    415 PBI09C039-BC-DH44 82.51 
    416 PBI09C039-BC-DH49 83.36 
    417 PBI09C039-BC-DH5 82.68 
    418 PBI09C039-BC-DH50 83.23 
    419 PBI09C039-BC-DH51 82.55 
    420 PBI09C039-BC-DH56 84.07 
    421 PBI09C039-BC-DH58 84.95 
    422 PBI09C039-BC-DH59 82.14 
    423 PBI09C039-BC-DH6 82.03 
    424 PBI09C039-BC-DH62 83.51 
    425 PBI09C039-BC-DH64 82.38 
    426 PBI09C039-BC-DH65 83.74 
    427 PBI09C039-BC-DH67 84.09 
    428 PBI09C039-BC-DH7 84.07 
    429 PBI09C039-BC-DH71 82.77 
    430 PBI09C039-BC-DH72 83.38 
    431 PBI09C039-BC-DH74 83.22 
    432 PBI09C039-BC-DH75 81.71 
    433 PBI09C039-BC-DH8 82.73 
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434 PBI09C039-BC-DH80 82.15 
    435 PBI09C039-BC-DH82 83.79 
    436 PBI09C039-BC-DH84 81.98 
    437 PBI09C039-BC-DH85 84.21 
    438 PBI09C039-BC-DH90 83.83 
    439 PBI09C039-BC-DH91 83.21 
    440 PBI09C039-BC-DH92 85.04 
    441 PBI09C039-BC-DH93 82.99 
    442 PBI09C039-BC-DH94 82.55 
    443 PBI09C043-BC-DH1 84.86 
    444 PBI09C043-BC-DH13 85.93 
    445 PBI09C043-BC-DH16 85.13 
    446 PBI09C043-BC-DH18 84.87 
    447 PBI09C043-BC-DH19 85.4 
    448 PBI09C043-BC-DH2 84.71 
    449 PBI09C043-BC-DH20 84.29 
    450 PBI09C043-BC-DH23 85.18 
    451 PBI09C043-BC-DH25 85.52 
    452 PBI09C043-BC-DH27 85.15 
    453 PBI09C043-BC-DH29 85.05 
    454 PBI09C043-BC-DH30 84.58 
    455 PBI09C043-BC-DH33 84.8 
    456 PBI09C043-BC-DH34 86.35 
    457 PBI09C043-BC-DH36 85.29 
    458 PBI09C043-BC-DH37 * 
    459 PBI09C043-BC-DH38 85.1 
    460 PBI09C043-BC-DH40 84.53 
    461 PBI09C043-BC-DH41 85.27 
    462 PBI09C043-BC-DH47 85.33 
    463 PBI09C043-BC-DH49 85.14 
    464 PBI09C043-BC-DH5 85.21 
    465 PBI09C043-BC-DH50 84.29 
    466 PBI09C043-BC-DH53 84.82 
    467 PBI09C043-BC-DH54 85.74 
    468 PBI09C043-BC-DH57 84.83 
    469 PBI09C043-BC-DH6 85.8 
    470 PBI09C043-BC-DH67 85.66 
    471 PBI09C043-BC-DH8 85.19 
    472 PBI09C045-BC-DH10 84.39 
    473 PBI09C045-BC-DH3 83.95 
    474 PBI09C045-BC-DH8 85.07 
    475 PBI09C048-BC-DH23 84.2 
    476 PBI09C048-BC-DH39 84.22 
    477 PBI09C048-BC-DH40 85.28 
    478 PBI09C048-BC-DH8 84.89 
    479 PBI09C049-BC-DH2 84.7 
    480 PBI09C049-BC-DH3 85.21         
 
Grand Means 83.38 80.1 81.37 80.81 76.22 
 
Standard error 0.556 0.6347 0.6523 1.367 0.9047 
 
LSD (5%) (Genotype x Environment) 1.779 1.779 1.779 1.779 1.779 
 
LSD (5%) (Genotype) 1.797 1.2515 1.2861 2.701 1.788 
  %CV 0.9 0.8 0.8 1.52 1.07 
 
 
Table 17: Mean of moisture (%) from independent analysis 
Entry        Moisture (%)       
number Genotype/Designation E1 E2 E3 E4 E5 
1 Berkut 9.738 10.131 10.274 13.17 13.18 
2 SOKOLL 9.563 9.707 9.739 12.91 12.93 
3 2-49/CUNNINGHAM//KENNEDY 9.457 10.079 10.109 13.08 13.1 
4 T.DICOCCONP194625/AE.SQUARROSA 9.913 10.028 9.943 13.32 13.13 
5 PBW502 9.385 9.745 10.005 13.11 13.15 
6 PBW550 9.304 9.921 9.765 13.1 12.91 
7 DBW16 9.275 9.837 10.079 13.06 13.08 
8 DBW17 9.416 9.782 10.115 13.13 13.12 
9 Sunlin 9.795 10.143 10.105 13.45 12.88 
10 Waxwing*2/Kiritati * * * 12.92 12.97 
11 SUNTOP 9.58 9.965 10.273 13.29 13.17 
12 EGA-Gregory 9.265 9.987 9.791 13.23 13.08 
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13 Spitfire 8.77 9.912 9.842 12.91 12.47 
14 PBI09C001-BC-DH1 9.643 10.032 9.896 13.27 13 
15 PBI09C001-BC-DH9 9.63 10.357 10.1 13.28 13.04 
16 PBI09C001-BC-DH33 9.494 9.996 10.075 13.2 12.88 
17 PBI09C001-BC-DH58 9.558 9.838 10.047 13.19 13.05 
18 PBI09C001-BC-DH64 9.554 9.969 10.073 13.19 12.59 
19 PBI09C001-BC-DH89 9.579 10.047 9.905 13.28 13.03 
20 PBI09C001-BC-DH98 9.737 9.961 9.791 13.13 12.96 
21 PBI09C002-BC-DH1 9.686 9.881 10.12 13.3 12.77 
22 PBI09C002-BC-DH5 9.502 9.786 10.29 13.31 12.91 
23 PBI09C002-BC-DH20 9.483 9.741 9.964 13.29 13.13 
24 PBI09C004-BC-DH23 9.747 9.994 10.066 13.27 12.95 
25 PBI09C004-BC-DH24 9.737 9.891 9.953 13.18 13.04 
26 PBI09C004-BC-DH74 9.626 10.019 9.995 13.3 13.03 
27 PBI09C004-BC-DH76 9.671 10.09 10.071 13.26 13.12 
28 PBI09C004-BC-DH78 9.405 9.983 9.954 13.24 13.03 
29 PBI09C004-BC-DH106 9.698 10.191 9.908 13.3 13.02 
30 PBI09C004-BC-DH117 9.58 9.756 10.135 13.27 13.06 
31 PBI09C004-BC-DH118 9.579 9.924 9.865 13.23 12.96 
32 PBI09C008-BC-DH1 9.431 9.677 9.968 13.24 13 
33 PBI09C008-BC-DH8 9.434 9.878 9.813 13.19 12.95 
34 PBI09C008-BC-DH19 9.566 9.877 10.075 13.15 12.97 
35 PBI09C008-BC-DH20 9.584 9.731 10.296 13.12 12.92 
36 PBI09C008-BC-DH23 9.36 9.831 9.73 13.09 12.8 
37 PBI09C008-BC-DH26 9.557 9.787 9.817 13.2 12.86 
38 PBI09C008-BC-DH30 9.379 9.828 9.621 13.16 12.69 
39 PBI09C008-BC-DH31 9.434 9.839 10.293 13.08 12.64 
40 PBI09C008-BC-DH32 9.443 9.795 10.075 13.1 12.63 
41 PBI09C008-BC-DH35 9.578 9.738 9.872 13.13 12.96 
42 PBI09C008-BC-DH39 9.352 9.616 9.988 13.12 12.85 
43 PBI09C008-BC-DH40 9.423 9.879 10.036 13.24 12.75 
44 PBI09C009-BC-DH2 9.556 9.882 9.936 13.08 12.66 
45 PBI09C009-BC-DH16 9.374 9.829 9.831 13.13 12.99 
46 PBI09C009-BC-DH17 9.458 9.727 9.963 12.99 12.96 
47 PBI09C009-BC-DH25 9.563 9.678 10.005 13.08 12.67 
48 PBI09C009-BC-DH57 9.329 9.893 9.67 13.15 12.88 
49 PBI09C009-BC-DH71 9.388 9.88 9.809 13.14 12.98 
50 PBI09C009-BC-DH76 12.074 9.984 10.178 13.16 12.88 
51 PBI09C009-BC-DH84 9.532 9.755 9.824 12.92 12.87 
52 PBI09C009-BC-DH86 9.441 9.958 10.036 13.14 12.72 
53 PBI09C009-BC-DH89 9.401 9.977 10.034 13.09 12.86 
54 PBI09C010-BC-DH1 9.364 9.543 10.396 13.17 13.03 
55 PBI09C010-BC-DH3 9.501 9.699 9.912 13.25 12.81 
56 PBI09C010-BC-DH4 9.357 9.778 9.766 13.13 12.85 
57 PBI09C010-BC-DH7 9.4 9.656 9.993 13.01 12.7 
58 PBI09C010-BC-DH8 9.449 9.72 10.218 13.13 12.9 
59 PBI09C010-BC-DH9 9.351 9.62 9.776 13.16 12.79 
60 PBI09C010-BC-DH10 9.486 9.398 9.802 13.11 12.8 
61 PBI09C010-BC-DH13 9.432 9.875 9.897 13.06 13.03 
62 PBI09C010-BC-DH15 9.726 9.949 9.862 13.07 12.78 
63 PBI09C010-BC-DH18 9.532 9.436 9.811 13.07 12.9 
64 PBI09C010-BC-DH19 9.552 9.46 9.953 13.1 12.87 
65 PBI09C016-BC-DH4 9.396 9.811 10.259 13.27 13 
66 PBI09C018-BC-DH2 9.43 9.965 9.985 13.19 13.02 
67 PBI09C018-BC-DH5 9.409 10.032 9.867 13.09 13.1 
68 PBI09C018-BC-DH6 9.547 9.656 9.903 13.11 12.88 
69 PBI09C018-BC-DH9 9.411 9.874 10.014 12.94 13.04 
70 PBI09C018-BC-DH11 9.523 10.205 10.086 13.11 12.98 
71 PBI09C018-BC-DH20 9.431 9.786 9.765 13.09 13.19 
72 PBI09C018-BC-DH29 9.54 9.923 10.405 13.03 12.82 
73 PBI09C021-BC-DH5 9.788 10.135 9.89 13.21 12.99 
74 PBI09C021-BC-DH7 9.834 10.015 9.918 13.04 13.22 
75 PBI09C023-BC-DH2 9.703 9.921 9.873 13.2 13.16 
76 PBI09C023-BC-DH3 9.776 9.962 9.909 13.18 13.07 
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77 PBI09C026-BC-DH21 9.278 9.736 9.738 12.98 12.9 
78 PBI09C026-BC-DH31 9.387 9.899 10.106 12.98 12.7 
79 PBI09C026-BC-DH66 9.374 9.542 9.733 12.85 12.64 
80 PBI09C026-BC-DH73 9.325 9.695 10.006 12.97 12.88 
81 PBI09C026-BC-DH87 9.345 9.921 9.907 13.05 12.93 
82 PBI09C026-BC-DH91 9.353 9.569 10.146 12.98 12.79 
83 PBI09C026-BC-DH99 9.174 9.61 9.856 12.9 12.99 
84 PBI09C026-BC-DH110 9.237 9.762 10.146 12.98 12.58 
85 PBI09C026-BC-DH114 9.503 9.574 10.144 13.02 12.86 
86 PBI09C028-BC-DH2 9.292 9.654 9.831 12.99 13.1 
87 PBI09C028-BC-DH3 9.566 9.854 10.013 12.97 12.89 
88 PBI09C028-BC-DH5 9.365 9.73 9.858 13.03 12.73 
89 PBI09C028-BC-DH7 9.342 9.554 9.825 12.97 12.73 
90 PBI09C028-BC-DH10 9.443 9.662 9.983 12.86 13.03 
91 PBI09C028-BC-DH17 9.545 9.79 9.782 12.96 13.07 
92 PBI09C028-BC-DH27 9.339 9.678 10.038 13 12.92 
93 PBI09C028-BC-DH32 9.426 9.595 9.664 13.01 13.07 
94 PBI09C028-BC-DH37 9.202 9.491 9.637 12.99 12.64 
95 PBI09C028-BC-DH38 9.163 9.62 9.837 12.91 12.48 
96 PBI09C028-BC-DH44 9.34 9.538 9.803 12.92 12.48 
97 PBI09C028-BC-DH54 9.231 9.597 9.844 12.93 12.76 
98 PBI09C034-BC-DH9 9.416 9.793 10.119 13.22 12.91 
99 PBI09C034-BC-DH17 9.314 9.933 9.912 13.15 13.03 
100 PBI09C034-BC-DH23 9.35 9.917 10.14 13.24 13.05 
101 PBI09C034-BC-DH27 9.242 9.955 9.897 13.15 13.08 
102 PBI09C034-BC-DH29 9.421 10.09 10.121 13.23 13.31 
103 PBI09C034-BC-DH30 9.436 10.016 10.323 13.12 12.94 
104 PBI09C034-BC-DH33 9.282 10.034 9.794 13.02 12.9 
105 PBI09C034-BC-DH34 9.536 10.051 10.368 13.15 12.97 
106 PBI09C035-BC-DH2 9.4 9.675 9.854 13.15 12.88 
107 PBI09C035-BC-DH3 9.582 10.021 10.024 13.21 13.04 
108 PBI09C035-BC-DH7 9.471 9.761 10 13.13 12.94 
109 PBI09C035-BC-DH11 9.638 9.971 10.185 13.1 13.09 
110 PBI09C035-BC-DH13 9.527 9.526 10.303 13.2 12.9 
111 PBI09C035-BC-DH21 9.547 9.966 9.98 13.11 12.97 
112 PBI09C035-BC-DH25 9.256 9.878 10.243 13.02 13.2 
113 PBI09C035-BC-DH26 9.234 9.701 9.882 13.06 13.02 
114 PBI09C035-BC-DH28 9.222 9.876 10.079 13.17 12.59 
115 PBI09C035-BC-DH37 9.221 9.923 10.085 13.22 13.13 
116 PBI09C035-BC-DH41 9.662 9.713 10.26 13.11 13.09 
117 PBI09C038-BC-DH7 9.308 9.832 10.137 13.06 13.02 
118 PBI09C038-BC-DH9 9.514 9.759 9.896 13.01 12.87 
119 PBI09C038-BC-DH10 9.16 9.686 9.821 13.12 12.77 
120 PBI09C038-BC-DH17 9.424 9.63 10.008 12.99 13.02 
121 PBI09C038-BC-DH21 9.517 9.638 9.801 13.13 12.96 
122 PBI09C038-BC-DH22 9.355 9.675 10.037 13 13.11 
123 PBI09C038-BC-DH23 9.381 9.798 10.025 13.09 12.88 
124 PBI09C039-BC-DH9 9.107 9.578 10.505 13.09 13.04 
125 PBI09C039-BC-DH26 9.213 9.552 10.163 13.13 12.97 
126 PBI09C039-BC-DH40 9.346 9.732 10.042 13 13.03 
127 PBI09C039-BC-DH46 9.2 9.678 9.793 13.01 12.93 
128 PBI09C039-BC-DH47 9.697 9.602 9.894 13.11 12.97 
129 PBI09C039-BC-DH63 9.273 9.895 9.989 13.08 13.04 
130 PBI09C039-BC-DH69 9.214 9.76 9.779 13.07 12.65 
131 PBI09C039-BC-DH73 9.046 9.768 10.11 13.15 13.11 
132 PBI09C039-BC-DH78 9.3 9.706 9.927 13.01 12.9 
133 PBI09C039-BC-DH81 9.269 9.837 9.817 13.06 12.89 
134 PBI09C039-BC-DH88 9.27 9.573 9.773 12.96 12.99 
135 PBI09C043-BC-DH3 9.432 9.781 9.891 13.04 12.97 
136 PBI09C043-BC-DH10 9.306 9.878 9.868 13.18 12.56 
137 PBI09C043-BC-DH11 9.335 10.111 9.912 13.07 12.87 
138 PBI09C043-BC-DH12 9.184 9.621 9.653 13.03 12.74 
139 PBI09C043-BC-DH14 9.421 9.873 10.026 13.04 13 
140 PBI09C043-BC-DH15 9.186 9.886 10.159 13.12 12.97 
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141 PBI09C043-BC-DH28 9.413 9.774 9.985 12.89 12.95 
142 PBI09C043-BC-DH31 9.406 9.617 9.811 13.1 12.92 
143 PBI09C043-BC-DH48 9.271 9.891 9.669 12.91 12.8 
144 PBI09C043-BC-DH51 9.149 9.861 9.887 13.03 12.92 
145 PBI09C043-BC-DH55 9.269 9.647 10.193 13.1 12.94 
146 PBI09C045-BC-DH2 9.253 9.85 9.669 13.04 12.88 
147 PBI09C045-BC-DH4 9.378 9.937 10.223 13.03 12.74 
148 PBI09C045-BC-DH6 9.381 9.787 9.842 13.12 13.02 
149 PBI09C045-BC-DH13 9.312 9.787 9.818 13 12.89 
150 PBI09C045-BC-DH15 9.339 9.956 10.067 13.16 12.75 
151 PBI09C045-BC-DH17 9.569 9.723 9.938 13 13.01 
152 PBI09C045-BC-DH27 9.307 9.852 9.696 13.01 12.81 
153 PBI09C045-BC-DH28 9.348 9.718 10.031 13.02 13.01 
154 PBI09C045-BC-DH30 9.407 9.755 9.886 13.01 12.66 
155 PBI09C045-BC-DH31 9.19 10.084 10.115 12.98 12.78 
156 PBI09C049-BC-DH4 9.38 9.917 9.917 13.13 13.07 
157 PBI09C051-BC-DH4 9.254 9.838 10.322 13.16 13.04 
158 PBI09C001-BC-DH8 9.494 9.756 10.3 13.3 13.08 
159 PBI09C001-BC-DH46 9.705 9.864 10.276 13.17 12.62 
160 PBI09C001-BC-DH61 9.886 10.037 10.234 13.17 12.6 
161 PBI09C001-BC-DH79 9.518 9.895 10.059 13.22 12.82 
162 PBI09C001-BC-DH80 9.52 9.973 9.952 13.33 13.2 
163 PBI09C001-BC-DH86 9.714 10.117 9.888 13.27 12.91 
164 PBI09C002-BC-DH6 9.363 9.925 10.057 13.34 13.06 
165 PBI09C002-BC-DH8 9.379 9.794 10.009 13.33 12.94 
166 PBI09C004-BC-DH1 9.627 9.971 9.989 13.27 13.02 
167 PBI09C004-BC-DH51 9.362 10.124 9.981 13.13 13.09 
168 PBI09C008-BC-DH7 9.455 10.016 9.977 13.14 12.75 
169 PBI09C008-BC-DH17 9.477 9.751 9.972 12.99 12.97 
170 PBI09C009-BC-DH1 9.536 9.681 9.958 13.15 12.95 
171 PBI09C009-BC-DH29 9.502 9.756 9.958 13.06 12.79 
172 PBI09C009-BC-DH30 9.403 10.014 9.633 13.15 12.88 
173 PBI09C009-BC-DH52 9.473 9.745 10.197 12.84 13.12 
174 PBI09C009-BC-DH56 9.399 9.801 10.051 13.15 12.81 
175 PBI09C016-BC-DH7 9.614 9.842 10.036 12.96 13.04 
176 PBI09C018-BC-DH4 9.575 9.948 9.956 12.93 12.98 
177 PBI09C018-BC-DH8 9.392 10.037 10.254 13.16 13.19 
178 PBI09C021-BC-DH4 9.642 10.208 10.096 13.24 13.19 
179 PBI09C021-BC-DH19 9.774 9.934 9.972 13.3 13.07 
180 PBI09C026-BC-DH39 9.2 9.628 9.873 13.1 12.82 
181 PBI09C026-BC-DH65 9.332 9.729 9.957 13.01 12.99 
182 PBI09C026-BC-DH71 9.511 9.933 9.63 12.87 12.99 
183 PBI09C026-BC-DH88 9.595 9.767 9.981 13.02 13.04 
184 PBI09C028-BC-DH18 9.226 9.748 9.969 13.08 12.94 
185 PBI09C034-BC-DH19 9.589 9.766 9.88 13.06 13.08 
186 PBI09C034-BC-DH21 9.412 9.663 10.112 13.12 12.65 
187 PBI09C035-BC-DH20 9.678 9.721 10.037 13.28 12.87 
188 PBI09C035-BC-DH22 9.405 9.84 9.806 13.14 12.94 
189 PBI09C038-BC-DH1 9.368 9.698 9.991 13.08 13.17 
190 PBI09C038-BC-DH4 9.494 9.819 9.855 13.16 13.01 
191 PBI09C038-BC-DH24 9.368 9.872 10.027 13.03 12.69 
192 PBI09C039-BC-DH53 9.305 9.627 10.116 13.01 12.91 
193 PBI09C039-BC-DH60 9.337 9.644 10.13 13.03 12.81 
194 PBI09C043-BC-DH22 9.355 9.889 9.872 13.11 13.14 
195 PBI09C043-BC-DH44 9.512 9.577 10.194 12.98 13.09 
196 PBI09C045-BC-DH20 9.239 9.875 10.066 13.11 12.83 
197 PBI09C045-BC-DH21 9.572 9.83 9.764 13.12 12.77 
198 PBI09C049-BC-DH1 10.89 9.9 10.127 13.15 12.42 
199 PBI09C049-BC-DH5 9.236 9.797 10.581 12.91 12.55 
200 PBI09C049-BC-DH6 9.327 9.649 10.161 13.09 * 
201 PBI09C001-BC-DH10 9.737 
  
  202 PBI09C001-BC-DH100 9.602 
  
  203 PBI09C001-BC-DH14 9.519 
  
  204 PBI09C001-BC-DH16 9.687 
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205 PBI09C001-BC-DH17 9.613 
  
 
 206 PBI09C001-BC-DH25 9.62 
   207 PBI09C001-BC-DH26 9.341 
    208 PBI09C001-BC-DH29 9.532 
    209 PBI09C001-BC-DH30 9.665 
    210 PBI09C001-BC-DH31 9.414 
    211 PBI09C001-BC-DH38 9.568 
    212 PBI09C001-BC-DH39 9.774 
    213 PBI09C001-BC-DH44 9.54 
    214 PBI09C001-BC-DH45 9.505 
    215 PBI09C001-BC-DH47 9.549 
    216 PBI09C001-BC-DH49 9.527 
    217 PBI09C001-BC-DH51 9.587 
    218 PBI09C001-BC-DH52 9.668 
    219 PBI09C001-BC-DH54 9.649 
    220 PBI09C001-BC-DH60 9.448 
    221 PBI09C001-BC-DH67 9.605 
    222 PBI09C001-BC-DH68 9.635 
    223 PBI09C001-BC-DH69 9.656 
    224 PBI09C001-BC-DH7 9.716 
    225 PBI09C001-BC-DH71 9.742 
    226 PBI09C001-BC-DH73 9.631 
    227 PBI09C001-BC-DH74 9.563 
    228 PBI09C001-BC-DH75 9.675 
    229 PBI09C001-BC-DH76 9.7 
    230 PBI09C001-BC-DH78 9.698 
    231 PBI09C001-BC-DH82 9.685 
    232 PBI09C001-BC-DH83 9.571 
    233 PBI09C001-BC-DH84 9.554 
    234 PBI09C001-BC-DH85 9.725 
    235 PBI09C001-BC-DH88 9.62 
    236 PBI09C001-BC-DH90 9.399 
    237 PBI09C001-BC-DH99 9.536 
    238 PBI09C002-BC-DH14 9.553 
    239 PBI09C002-BC-DH21 9.345 
    240 PBI09C002-BC-DH9 9.525 
    241 PBI09C004-BC-DH101 9.756 
    242 PBI09C004-BC-DH114 9.499 
    243 PBI09C004-BC-DH119 9.438 
    244 PBI09C004-BC-DH121 9.624 
    245 PBI09C004-BC-DH124 9.373 
    246 PBI09C004-BC-DH125 9.428 
    247 PBI09C004-BC-DH2 9.655 
    248 PBI09C004-BC-DH20 9.633 
    249 PBI09C004-BC-DH29 9.835 
    250 PBI09C004-BC-DH35 9.553 
    251 PBI09C004-BC-DH37 9.744 
    252 PBI09C004-BC-DH41 9.735 
    253 PBI09C004-BC-DH46 9.849 
    254 PBI09C004-BC-DH54 9.922 
    255 PBI09C004-BC-DH66 9.638 
    256 PBI09C004-BC-DH68 9.499 
    257 PBI09C004-BC-DH71 9.554 
    258 PBI09C004-BC-DH79 9.781 
    259 PBI09C004-BC-DH8 9.718 
    260 PBI09C004-BC-DH80 9.63 
    261 PBI09C004-BC-DH81 9.73 
    262 PBI09C004-BC-DH85 9.63 
    263 PBI09C004-BC-DH91 9.448 
    264 PBI09C004-BC-DH93 9.608 
    265 PBI09C008-BC-DH12 9.37 
    266 PBI09C008-BC-DH14 9.541 
    267 PBI09C008-BC-DH18 9.589 
    268 PBI09C008-BC-DH21 9.546 
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269 PBI09C008-BC-DH22 9.682 
    270 PBI09C008-BC-DH24 9.48 
    271 PBI09C008-BC-DH25 9.372 
    272 PBI09C008-BC-DH27 9.52 
    273 PBI09C008-BC-DH28 9.317 
    274 PBI09C008-BC-DH33 9.49 
    275 PBI09C008-BC-DH34 9.447 
    276 PBI09C008-BC-DH38 9.455 
    277 PBI09C009-BC-DH10 9.525 
    278 PBI09C009-BC-DH22 9.559 
    279 PBI09C009-BC-DH24 9.402 
    280 PBI09C009-BC-DH28 9.411 
    281 PBI09C009-BC-DH3 9.611 
    282 PBI09C009-BC-DH32 9.631 
    283 PBI09C009-BC-DH33 9.437 
    284 PBI09C009-BC-DH38 9.624 
    285 PBI09C009-BC-DH39 9.508 
    286 PBI09C009-BC-DH40 9.555 
    287 PBI09C009-BC-DH42 9.562 
    288 PBI09C009-BC-DH46 9.736 
    289 PBI09C009-BC-DH5 9.372 
    290 PBI09C009-BC-DH53 9.595 
    291 PBI09C009-BC-DH54 9.489 
    292 PBI09C009-BC-DH59 9.419 
    293 PBI09C009-BC-DH6 9.389 
    294 PBI09C009-BC-DH61 9.473 
    295 PBI09C009-BC-DH69 9.549 
    296 PBI09C009-BC-DH73 9.498 
    297 PBI09C009-BC-DH79 9.635 
    298 PBI09C009-BC-DH83 9.375 
    299 PBI09C009-BC-DH91 9.6 
    300 PBI09C009-BC-DH97 9.489 
    301 PBI09C009-BC-DH98 9.519 
    302 PBI09C010-BC-DH14 9.556 
    303 PBI09C010-BC-DH16 9.469 
    304 PBI09C010-BC-DH17 9.537 
    305 PBI09C010-BC-DH2 9.516 
    306 PBI09C010-BC-DH20 9.666 
    307 PBI09C010-BC-DH5 9.436 
    308 PBI09C016-BC-DH11 * 
    309 PBI09C016-BC-DH5 9.538 
    310 PBI09C016-BC-DH6 9.65 
    311 PBI09C018-BC-DH10 9.346 
    312 PBI09C018-BC-DH12 9.519 
    313 PBI09C018-BC-DH13 9.541 
    314 PBI09C018-BC-DH15 9.275 
    315 PBI09C018-BC-DH16 9.479 
    316 PBI09C018-BC-DH17 9.479 
    317 PBI09C018-BC-DH18 9.478 
    318 PBI09C018-BC-DH22 9.637 
    319 PBI09C018-BC-DH24 9.682 
    320 PBI09C018-BC-DH26 9.889 
    321 PBI09C018-BC-DH7 9.507 
    322 PBI09C021-BC-DH3 9.722 
    323 PBI09C021-BC-DH6 9.655 
    324 PBI09C023-BC-DH1 9.727 
    325 PBI09C023-BC-DH4 9.433 
    326 PBI09C026-BC-DH100 9.28 
    327 PBI09C026-BC-DH102 9.439 
    328 PBI09C026-BC-DH103 9.562 
    329 PBI09C026-BC-DH105 9.415 
    330 PBI09C026-BC-DH107 9.101 
    331 PBI09C026-BC-DH108 9.226 
    332 PBI09C026-BC-DH109 9.223 
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333 PBI09C026-BC-DH111 9.312 
    334 PBI09C026-BC-DH112 9.252 
    335 PBI09C026-BC-DH113 9.065 
    336 PBI09C026-BC-DH116 9.433 
    337 PBI09C026-BC-DH117 9.263 
    338 PBI09C026-BC-DH119 9.215 
    339 PBI09C026-BC-DH120 9.257 
    340 PBI09C026-BC-DH17 9.434 
    341 PBI09C026-BC-DH18 9.319 
    342 PBI09C026-BC-DH22 9.367 
    343 PBI09C026-BC-DH23 9.331 
    344 PBI09C026-BC-DH27 9.256 
    345 PBI09C026-BC-DH28 9.387 
    346 PBI09C026-BC-DH29 9.453 
    347 PBI09C026-BC-DH34 9.227 
    348 PBI09C026-BC-DH36 9.232 
    349 PBI09C026-BC-DH40 9.393 
    350 PBI09C026-BC-DH42 9.505 
    351 PBI09C026-BC-DH46 9.367 
    352 PBI09C026-BC-DH47 9.355 
    353 PBI09C026-BC-DH54 9.283 
    354 PBI09C026-BC-DH58 9.28 
    355 PBI09C026-BC-DH60 9.364 
    356 PBI09C026-BC-DH61 9.354 
    357 PBI09C026-BC-DH62 9.386 
    358 PBI09C026-BC-DH63 9.424 
    359 PBI09C026-BC-DH64 9.369 
    360 PBI09C026-BC-DH70 9.39 
    361 PBI09C026-BC-DH76 9.106 
    362 PBI09C026-BC-DH78 9.428 
    363 PBI09C026-BC-DH80 9.311 
    364 PBI09C026-BC-DH81 9.189 
    365 PBI09C026-BC-DH82 9.426 
    366 PBI09C026-BC-DH83 9.346 
    367 PBI09C026-BC-DH84 9.342 
    368 PBI09C026-BC-DH85 9.371 
    369 PBI09C026-BC-DH86 9.314 
    370 PBI09C026-BC-DH92 9.285 
    371 PBI09C026-BC-DH94 9.304 
    372 PBI09C026-BC-DH98 9.305 
    373 PBI09C028-BC-DH11 9.528 
    374 PBI09C028-BC-DH12 9.266 
    375 PBI09C028-BC-DH26 9.284 
    376 PBI09C028-BC-DH48 9.141 
    377 PBI09C028-BC-DH49 9.509 
    378 PBI09C028-BC-DH6 9.371 
    379 PBI09C028-BC-DH8 9.362 
    380 PBI09C028-BC-DH9 9.219 
    381 PBI09C034-BC-DH13 9.47 
    382 PBI09C034-BC-DH18 9.542 
    383 PBI09C034-BC-DH28 9.39 
    384 PBI09C035-BC-DH27 9.261 
    385 PBI09C035-BC-DH32 9.121 
    386 PBI09C038-BC-DH16 9.654 
    387 PBI09C038-BC-DH19 9.412 
    388 PBI09C038-BC-DH8 9.478 
    389 PBI09C039-BC-DH1 9.098 
    390 PBI09C039-BC-DH10 9.5 
    391 PBI09C039-BC-DH11 9.409 
    392 PBI09C039-BC-DH14 9.481 
    393 PBI09C039-BC-DH16 9.554 
    394 PBI09C039-BC-DH17 9.182 
    395 PBI09C039-BC-DH18 9.31 
    396 PBI09C039-BC-DH19 9.199 
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397 PBI09C039-BC-DH20 9.308 
    398 PBI09C039-BC-DH22 9.435 
    399 PBI09C039-BC-DH23 9.543 
    400 PBI09C039-BC-DH27 9.418 
    401 PBI09C039-BC-DH28 9.498 
    402 PBI09C039-BC-DH29 9.169 
    403 PBI09C039-BC-DH3 9.385 
    404 PBI09C039-BC-DH30 9.252 
    405 PBI09C039-BC-DH31 9.394 
    406 PBI09C039-BC-DH32 9.169 
    407 PBI09C039-BC-DH33 9.241 
    408 PBI09C039-BC-DH34 9.078 
    409 PBI09C039-BC-DH35 9.515 
    410 PBI09C039-BC-DH36 9.291 
    411 PBI09C039-BC-DH38 9.432 
    412 PBI09C039-BC-DH39 8.902 
    413 PBI09C039-BC-DH4 9.444 
    414 PBI09C039-BC-DH41 9.219 
    415 PBI09C039-BC-DH44 9.597 
    416 PBI09C039-BC-DH49 9.212 
    417 PBI09C039-BC-DH5 9.281 
    418 PBI09C039-BC-DH50 9.129 
    419 PBI09C039-BC-DH51 9.253 
    420 PBI09C039-BC-DH56 9.23 
    421 PBI09C039-BC-DH58 9.328 
    422 PBI09C039-BC-DH59 9.456 
    423 PBI09C039-BC-DH6 9.335 
    424 PBI09C039-BC-DH62 9.254 
    425 PBI09C039-BC-DH64 9.328 
    426 PBI09C039-BC-DH65 9.227 
    427 PBI09C039-BC-DH67 9.397 
    428 PBI09C039-BC-DH7 9.203 
    429 PBI09C039-BC-DH71 9.124 
    430 PBI09C039-BC-DH72 9.229 
    431 PBI09C039-BC-DH74 9.466 
    432 PBI09C039-BC-DH75 9.313 
    433 PBI09C039-BC-DH8 9.453 
    434 PBI09C039-BC-DH80 9.364 
    435 PBI09C039-BC-DH82 9.434 
    436 PBI09C039-BC-DH84 9.531 
    437 PBI09C039-BC-DH85 9.361 
    438 PBI09C039-BC-DH90 9.274 
    439 PBI09C039-BC-DH91 9.31 
    440 PBI09C039-BC-DH92 9.584 
    441 PBI09C039-BC-DH93 9.458 
    442 PBI09C039-BC-DH94 9.229 
    443 PBI09C043-BC-DH1 9.478 
    444 PBI09C043-BC-DH13 9.368 
    445 PBI09C043-BC-DH16 9.451 
    446 PBI09C043-BC-DH18 9.253 
    447 PBI09C043-BC-DH19 9.454 
    448 PBI09C043-BC-DH2 9.594 
    449 PBI09C043-BC-DH20 9.365 
    450 PBI09C043-BC-DH23 9.288 
    451 PBI09C043-BC-DH25 9.445 
    452 PBI09C043-BC-DH27 9.352 
    453 PBI09C043-BC-DH29 9.399 
    454 PBI09C043-BC-DH30 9.281 
    455 PBI09C043-BC-DH33 9.399 
    456 PBI09C043-BC-DH34 9.357 
    457 PBI09C043-BC-DH36 9.51 
    458 PBI09C043-BC-DH37 * 
    459 PBI09C043-BC-DH38 9.235 
    460 PBI09C043-BC-DH40 9.301 
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461 PBI09C043-BC-DH41 9.305 
    462 PBI09C043-BC-DH47 9.563 
    463 PBI09C043-BC-DH49 9.52 
    464 PBI09C043-BC-DH5 9.172 
    465 PBI09C043-BC-DH50 9.354 
    466 PBI09C043-BC-DH53 9.359 
    467 PBI09C043-BC-DH54 9.183 
    468 PBI09C043-BC-DH57 9.195 
    469 PBI09C043-BC-DH6 9.326 
    470 PBI09C043-BC-DH67 9.397 
    471 PBI09C043-BC-DH8 9.24 
    472 PBI09C045-BC-DH10 9.122 
    473 PBI09C045-BC-DH3 9.225 
    474 PBI09C045-BC-DH8 9.361 
    475 PBI09C048-BC-DH23 9.244 
    476 PBI09C048-BC-DH39 9.433 
    477 PBI09C048-BC-DH40 9.289 
    478 PBI09C048-BC-DH8 9.273 
    479 PBI09C049-BC-DH2 9.522 
    480 PBI09C049-BC-DH3 9.417         
 
Grand Means 9.45 9.82 9.98 13.10 12.92 
 
Standard error 0.3003 0.2491 0.2455 0.097 0.261 
 
LSD (5%) (Genotype x Environment) 0.5259 0.5259 0.5259 0.5259 0.5259 
 
LSD (5%) (Genotype) 0.6893 0.4911 0.484 0.1919 0.5156 
  %CV 3.04 2.5 2.5 0.67 1.82 
 
 
Table 18: Mean of quality traits of 200 genotypes evaluated from combined analysis in 5 
environments (2013-2015) 
  
    
Combined (E1-E5) 
  Entry    
number Genotypes  Test Weight Moisture (%) Protein (%) 
 BERKUT 13.26 80.86 11.27 1 
2 SOKOLL 14.05 79.79 10.96 
3 2-49/CUNNINGHAM//KENNEDY 13.33 80.15 11.11 
4 T.DICOCCONP194625/AE.SQUARROSA 13.93 81.34 11.25 
5 PBW502 13.33 81.14 11.09 
6 PBW550 14.2 81.81 10.97 
7 DBW16 12.86 82.96 11.03 
8 DBW17 13.52 81.34 11.06 
9 Sunlin 13.73 81.99 11.2 
10 Waxwing*2/Kiritati 14.11 78.64 13.02 
11 SUNTOP 12.8 81.23 11.22 
12 EGA-Gregory 13.03 81 11.08 
13 Spitfire 14.13 82.47 10.86 
14 PBI09C001-BC-DH1 13.58 80.64 11.15 
15 PBI09C001-BC-DH9 13.49 80.47 11.23 
16 PBI09C001-BC-DH33 13.42 81.78 11.13 
17 PBI09C001-BC-DH58 13.65 80.13 11.07 
18 PBI09C001-BC-DH64 13.86 80.91 11 
19 PBI09C001-BC-DH89 13.86 80.63 11.23 
20 PBI09C001-BC-DH98 13.73 80.7 11.11 
21 PBI09C002-BC-DH1 14.2 79.28 11.11 
22 PBI09C002-BC-DH5 13.7 81.01 11.19 
23 PBI09C002-BC-DH20 13.86 80.83 11.1 
24 PBI09C004-BC-DH23 13.69 80.08 11.2 
25 PBI09C004-BC-DH24 13.41 80.88 11.15 
26 PBI09C004-BC-DH74 13.62 80.81 11.18 
27 PBI09C004-BC-DH76 13.49 80.71 11.23 
28 PBI09C004-BC-DH78 13.72 80.5 11.07 
29 PBI09C004-BC-DH106 13.2 81.28 11.26 
30 PBI09C004-BC-DH117 13.71 80.98 11.11 
31 PBI09C004-BC-DH118 13.29 80.96 11.09 
32 PBI09C008-BC-DH1 13.32 77.82 10.96 
33 PBI09C008-BC-DH8 13.63 75.75 11.06 
 364 
 
34 PBI09C008-BC-DH19 13.99 77.73 11.14 
35 PBI09C008-BC-DH20 13.86 77.74 11.08 
36 PBI09C008-BC-DH23 14.06 77.18 10.94 
37 PBI09C008-BC-DH26 13.74 77.36 11.04 
38 PBI09C008-BC-DH30 13.87 77.13 10.93 
39 PBI09C008-BC-DH31 13.94 77.95 11 
40 PBI09C008-BC-DH32 13.86 78.72 11.02 
41 PBI09C008-BC-DH35 13.81 78.01 11.09 
42 PBI09C008-BC-DH39 13.97 77.51 10.94 
43 PBI09C008-BC-DH40 13.94 77.57 11.01 
44 PBI09C009-BC-DH2 14.14 77.27 11.01 
45 PBI09C009-BC-DH16 13.82 77.66 10.95 
46 PBI09C009-BC-DH17 14.46 78.19 11 
47 PBI09C009-BC-DH25 14.31 78.15 10.98 
48 PBI09C009-BC-DH57 14.27 79.1 10.98 
49 PBI09C009-BC-DH71 13.98 78.9 11 
50 PBI09C009-BC-DH76 13.53 79.02 11.52 
51 PBI09C009-BC-DH84 13.5 78.29 11.05 
52 PBI09C009-BC-DH86 14.13 78.62 11.04 
53 PBI09C009-BC-DH89 14.06 78.89 11.03 
54 PBI09C010-BC-DH1 13.86 77.39 11.09 
55 PBI09C010-BC-DH3 13.76 77.59 11.04 
56 PBI09C010-BC-DH4 14.14 76.73 10.96 
57 PBI09C010-BC-DH7 14.02 77.07 10.95 
58 PBI09C010-BC-DH8 13.78 77.32 11.03 
59 PBI09C010-BC-DH9 13.56 76.77 10.84 
60 PBI09C010-BC-DH10 13.94 76.83 10.91 
61 PBI09C010-BC-DH13 13.95 77.22 11.11 
62 PBI09C010-BC-DH15 13.71 77.8 11.09 
63 PBI09C010-BC-DH18 14.09 77.28 10.94 
64 PBI09C010-BC-DH19 13.78 77.07 11.02 
65 PBI09C016-BC-DH4 14.07 77.48 11.08 
66 PBI09C018-BC-DH2 14.03 79.26 11.13 
67 PBI09C018-BC-DH5 13.69 78.5 11.04 
68 PBI09C018-BC-DH6 13.98 77.73 11 
69 PBI09C018-BC-DH9 13.52 78.88 11.05 
70 PBI09C018-BC-DH11 13.79 78.16 11.09 
71 PBI09C018-BC-DH20 13.91 79.07 11.05 
72 PBI09C018-BC-DH29 13.97 78.22 11.18 
73 PBI09C021-BC-DH5 13.18 76.17 11.2 
74 PBI09C021-BC-DH7 13.12 76.04 11.16 
75 PBI09C023-BC-DH2 13.56 76.19 11.08 
76 PBI09C023-BC-DH3 13.07 75.72 11.19 
77 PBI09C026-BC-DH21 13.75 80.62 10.89 
78 PBI09C026-BC-DH31 13.56 80.93 11 
79 PBI09C026-BC-DH66 13.81 80.54 10.77 
80 PBI09C026-BC-DH73 13.46 81.02 10.88 
81 PBI09C026-BC-DH87 13.55 81.16 11.02 
82 PBI09C026-BC-DH91 13.55 80.9 10.98 
83 PBI09C026-BC-DH99 13.43 81.21 10.94 
84 PBI09C026-BC-DH110 13.76 81.01 10.84 
85 PBI09C026-BC-DH114 13.41 81.26 11.03 
86 PBI09C028-BC-DH2 13.61 80.32 10.92 
87 PBI09C028-BC-DH3 13.47 81.13 10.98 
88 PBI09C028-BC-DH5 13.54 81.32 10.93 
89 PBI09C028-BC-DH7 13.84 80.52 10.85 
90 PBI09C028-BC-DH10 13.53 81.26 11.01 
91 PBI09C028-BC-DH17 13.58 81.3 10.96 
92 PBI09C028-BC-DH27 13.19 81.36 10.99 
93 PBI09C028-BC-DH32 13.58 80.84 10.81 
94 PBI09C028-BC-DH37 13.66 81.18 10.72 
95 PBI09C028-BC-DH38 13.55 80.68 10.76 
96 PBI09C028-BC-DH44 13.76 80.81 10.76 
97 PBI09C028-BC-DH54 13.81 80.96 10.79 
98 PBI09C034-BC-DH9 13.3 81.16 11.04 
99 PBI09C034-BC-DH17 13.46 80.88 11.09 
100 PBI09C034-BC-DH23 13.55 80.8 11.14 
101 PBI09C034-BC-DH27 13.27 80.42 11.01 
102 PBI09C034-BC-DH29 13.75 80.5 11.13 
103 PBI09C034-BC-DH30 13.36 80.78 11.19 
104 PBI09C034-BC-DH33 13.55 80.54 10.98 
105 PBI09C034-BC-DH34 13.55 80.33 11.24 
106 PBI09C035-BC-DH2 13.44 80.96 10.99 
107 PBI09C035-BC-DH3 13.73 80.49 11.19 
108 PBI09C035-BC-DH7 13.91 80.42 11.03 
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109 PBI09C035-BC-DH11 13.3 80.38 11.18 
110 PBI09C035-BC-DH13 13.51 80.76 11.11 
111 PBI09C035-BC-DH21 13.61 80.41 11.04 
112 PBI09C035-BC-DH25 13.3 80.65 11.1 
113 PBI09C035-BC-DH26 13.36 80.65 11 
114 PBI09C035-BC-DH28 13.31 80.65 11.03 
115 PBI09C035-BC-DH37 13.28 80.66 11.14 
116 PBI09C035-BC-DH41 13.57 80.24 11.09 
117 PBI09C038-BC-DH7 14.19 81.39 11.12 
118 PBI09C038-BC-DH9 14.31 81.44 10.94 
119 PBI09C038-BC-DH10 14.35 81.35 10.93 
120 PBI09C038-BC-DH17 14.17 81.46 11.02 
121 PBI09C038-BC-DH21 14.57 81.64 10.99 
122 PBI09C038-BC-DH22 15.09 81.21 11 
123 PBI09C038-BC-DH23 14.26 81.92 11.01 
124 PBI09C039-BC-DH9 14.57 81.46 11.06 
125 PBI09C039-BC-DH26 14.21 81.4 11 
126 PBI09C039-BC-DH40 14.56 81.28 10.95 
127 PBI09C039-BC-DH46 13.33 81.56 10.93 
128 PBI09C039-BC-DH47 14.51 81.76 11.04 
129 PBI09C039-BC-DH63 14.42 81.32 10.99 
130 PBI09C039-BC-DH69 14.63 81.45 10.84 
131 PBI09C039-BC-DH73 14.22 81.63 11.04 
132 PBI09C039-BC-DH78 14.9 81.44 10.93 
133 PBI09C039-BC-DH81 14.33 81.36 10.91 
134 PBI09C039-BC-DH88 14.45 81.7 10.9 
135 PBI09C043-BC-DH3 13.09 83.51 11.02 
136 PBI09C043-BC-DH10 12.91 83 10.93 
137 PBI09C043-BC-DH11 13 83.01 11.02 
138 PBI09C043-BC-DH12 12.9 83.02 10.91 
139 PBI09C043-BC-DH14 12.86 83.28 11.05 
140 PBI09C043-BC-DH15 12.94 83.39 11.04 
141 PBI09C043-BC-DH28 13.17 82.7 11.01 
142 PBI09C043-BC-DH31 12.7 83 10.92 
143 PBI09C043-BC-DH48 12.9 83.04 10.94 
144 PBI09C043-BC-DH51 12.9 82.74 10.98 
145 PBI09C043-BC-DH55 12.91 83.02 11.02 
146 PBI09C045-BC-DH2 12.58 83.3 10.97 
147 PBI09C045-BC-DH4 12.68 82.83 11.06 
148 PBI09C045-BC-DH6 12.73 82.72 10.94 
149 PBI09C045-BC-DH13 12.8 82.7 10.87 
150 PBI09C045-BC-DH15 12.61 82.83 11 
151 PBI09C045-BC-DH17 12.66 82.96 11.09 
152 PBI09C045-BC-DH27 12.9 82.94 10.97 
153 PBI09C045-BC-DH28 12.88 82.43 11.01 
154 PBI09C045-BC-DH30 12.77 82.71 10.92 
155 PBI09C045-BC-DH31 12.57 82.67 10.89 
156 PBI09C049-BC-DH4 13.33 81.56 11 
157 PBI09C051-BC-DH4 13.01 81.33 11.07 
158 PBI09C001-BC-DH8 13.68 80.53 11.22 
159 PBI09C001-BC-DH46 13.85 80.65 11.2 
160 PBI09C001-BC-DH61 14.17 80.14 11.12 
161 PBI09C001-BC-DH79 13.4 80.7 11.1 
162 PBI09C001-BC-DH80 13.94 80.66 11.17 
163 PBI09C001-BC-DH86 13.8 80.71 11.11 
164 PBI09C002-BC-DH6 14.13 80.22 11.13 
165 PBI09C002-BC-DH8 13.29 80.88 11.1 
166 PBI09C004-BC-DH1 13.49 80.34 11.08 
167 PBI09C004-BC-DH51 13.87 80.46 11.17 
168 PBI09C008-BC-DH7 13.33 77.09 11.13 
169 PBI09C008-BC-DH17 13.9 78.67 11.02 
170 PBI09C009-BC-DH1 14.1 76.38 11.01 
171 PBI09C009-BC-DH29 13.89 77.3 11.04 
172 PBI09C009-BC-DH30 13.93 77.78 10.96 
173 PBI09C009-BC-DH52 14.09 76.75 11.08 
174 PBI09C009-BC-DH56 13.46 77.44 10.99 
175 PBI09C016-BC-DH7 13.76 78.93 11.14 
176 PBI09C018-BC-DH4 13.29 78.89 11.04 
177 PBI09C018-BC-DH8 14.04 78.6 11.11 
178 PBI09C021-BC-DH4 13.11 76.49 11.25 
179 PBI09C021-BC-DH19 13.15 76.71 11.19 
180 PBI09C026-BC-DH39 13.37 81.08 10.87 
181 PBI09C026-BC-DH65 13.81 80.59 10.96 
182 PBI09C026-BC-DH71 13.43 81.35 11 
183 PBI09C026-BC-DH88 13.48 81.31 11.02 
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184 PBI09C028-BC-DH18 13.26 81.21 10.98 
185 PBI09C034-BC-DH19 13.21 81.01 11.08 
186 PBI09C034-BC-DH21 13.38 80.9 10.98 
187 PBI09C035-BC-DH20 13.32 80.9 11.06 
188 PBI09C035-BC-DH22 13.57 80.16 10.88 
189 PBI09C038-BC-DH1 14.41 81.75 11.05 
190 PBI09C038-BC-DH4 14.2 82.1 11.1 
191 PBI09C038-BC-DH24 14.67 81.43 10.95 
192 PBI09C039-BC-DH53 13.36 83.01 10.96 
193 PBI09C039-BC-DH60 14.11 81.54 11 
194 PBI09C043-BC-DH22 12.83 83.37 11.03 
195 PBI09C043-BC-DH44 12.64 83.28 11.04 
196 PBI09C045-BC-DH20 12.57 83 10.99 
197 PBI09C045-BC-DH21 12.67 83.16 10.95 
198 PBI09C049-BC-DH1 13.99 81.37 10.99 
199 PBI09C049-BC-DH5 13.69 81.84 10.94 
200 PBI09C049-BC-DH6 12.97 83.13 10.6 
 
Grand Means 13.6271 80.29815 11.0415 
 
Standard error 0.2407 0.4045 0.1198 
 
LSD (5%) 0.4724 0.7939 0.2352 
  %CV 3.65 1.04 2.24 
 
 
 
Figure 1: Mini bubble spririt measurement for canopy reflectance reading uniformity 
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Figur 2: Flag leaves in each plot dipped in 2 cm of distilled water for full rehydration 
 
 
 
Figure 3: Setting up equipment for osmotic potential measurement 
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Appendix III    
Table 1: List of SNPs significantly associated with various traits in rainfed (E2 and E4) and irrigated (E3 and E5) environments 
Treatment Traits Chr 
SNP 
order bp A1 A2 Freq b se p MP % variation 
RF GPC 21 40970 1951676 2 1 0.045 0.148174 0.044393 0.000844486 3.073407546 0.001887078 
RF GPC 14 38650 378693 1 2 0.055 0.275611 0.0815506 0.000725834 3.139162692 0.00789619 
RF GPC 14 38687 960614 1 2 0.055 0.275611 0.0815506 0.000725834 3.139162692 0.00789619 
RF GPC 14 40508 0 1 2 0.055 0.275611 0.0815506 0.000725834 3.139162692 0.00789619 
RF GPC 14 40509 0 1 2 0.055 0.275611 0.0815506 0.000725834 3.139162692 0.00789619 
RF GPC 17 22342 0 1 2 0.01 0.299392 0.0881305 0.000680937 3.166893067 0.001774784 
RF GPC 15 7457 0 2 1 0.175 0.243669 0.0710391 0.000603418 3.219381739 0.01714441 
RF GPC 9 14662 0 1 2 0.46 0.256226 0.0740963 0.000544166 3.264268597 0.032615796 
RF GPC 7 37549 3426422 2 1 0.055 0.339134 0.0966008 0.000446967 3.34972454 0.011955484 
RF GPC 14 38688 1153224 1 2 0.095 0.272618 0.0768004 0.00038567 3.413784142 0.012779423 
RF GPC 14 38689 1153482 1 2 0.095 0.272618 0.0768004 0.00038567 3.413784142 0.012779423 
RF GPC 14 40699 0 1 2 0.095 0.272618 0.0768004 0.00038567 3.413784142 0.012779423 
RF GPC 13 34854 0 2 1 0.14 0.32128 0.0899833 0.000356379 3.448087895 0.024855578 
RF GPC 14 40802 0 1 2 0.09 0.245113 0.0683266 0.000334017 3.476231429 0.009841167 
RF GPC 10 21006 0 2 1 0.155 0.239011 0.0663756 0.000317139 3.498750348 0.014964223 
RF GPC 12 29794 0 1 2 0.01 0.355115 0.0985372 0.000313517 3.503738905 0.002496912 
RF GPC 14 40110 447574 1 2 0.295 0.230911 0.0620783 0.000199477 3.700107172 0.022178408 
RF GPC 14 40860 0 2 1 0.045 0.321535 0.0856762 0.000174793 3.757475964 0.00888592 
RF GPC 21 41541 0 2 1 0.06 0.338082 0.0895148 0.000158842 3.799034653 0.012892977 
RF GPC 14 38646 376518 2 1 0.065 0.322163 0.0851657 0.000155086 3.809427405 0.012615553 
RF GPC 14 38648 378485 2 1 0.065 0.322163 0.0851657 0.000155086 3.809427405 0.012615553 
RF GPC 15 7472 0 2 1 0.015 0.282892 0.0736262 0.000121896 3.914010545 0.002364824 
RF GPC 14 38685 938870 1 2 0.06 0.359025 0.0912361 8.32E-05 4.080101709 0.014539802 
RF GPC 3 17545 6909006 2 1 0.015 0.357666 0.088195 5.00E-05 4.300612405 0.003780183 
RF GPC 8 3484 4384653 2 1 0.015 0.440667 0.0990849 8.69E-06 5.060838814 0.005738238 
RF GPC 14 38682 579396 2 1 0.015 0.440667 0.0990849 8.69E-06 5.060838814 0.005738238 
Irri GPC 4 23961 0 1 2 0.175 0.227638 0.0686774 0.000917757 3.037272294 0.014962753 
Irri GPC 2 9089 14833884 2 1 0.25 0.331987 0.100106 0.000911964 3.040022305 0.041330763 
Irri GPC 13 35464 0 2 1 0.16 0.31904 0.0958873 0.000877112 3.056944947 0.027360217 
Irri GPC 9 14191 1063083 2 1 0.235 0.229999 0.0690602 0.000867166 3.061897758 0.01902003 
Irri GPC 5 27218 0 1 2 0.01 -0.465851 0.139804 0.000861727 3.064630299 0.00429694 
Irri GPC 19 30622 3719744 2 1 0.04 0.174031 0.0520188 0.000821215 3.085543127 0.002326025 
Irri GPC 2 9040 6483248 1 2 0.15 0.109062 0.0324963 0.000790411 3.102147024 0.003033103 
Irri GPC 8 6123 0 2 1 0.155 -0.299066 0.087169 0.000601629 3.220671238 0.023428932 
Irri GPC 17 22342 0 1 2 0.01 0.356438 0.10345 0.000570003 3.244122859 0.002515551 
Irri GPC 14 40252 391525 1 2 0.175 -0.17959 0.051749 0.000519668 3.284274025 0.009312929 
Irri GPC 10 21333 0 1 2 0.475 -0.172964 0.0497515 0.000507905 3.294217512 0.014920877 
Irri GPC 5 26771 3463499 1 2 0.475 -0.172964 0.0497515 0.000507905 3.294217512 0.014920877 
Irri GPC 1 2167 0 2 1 0.145 -0.406659 0.115779 0.000444123 3.352496735 0.041003874 
Irri GPC 6 31038 111368 2 1 0.2 0.333888 0.094501 0.000410617 3.386563074 0.035673983 
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Irri GPC 19 30980 0 2 1 0.04 0.20915 0.0591708 0.000408275 3.389047213 0.003359518 
Irri GPC 1 1315 1371017 1 2 0.165 -0.297623 0.0825503 0.000311726 3.506226973 0.024408067 
Irri GPC 8 4489 34954 1 2 0.165 -0.297623 0.0825503 0.000311726 3.506226973 0.024408067 
Irri GPC 5 27036 3693369 2 1 0.38 0.345118 0.0922646 0.000183633 3.736049271 0.056122952 
Irri GPC 8 3306 5898520 2 1 0.26 0.39967 0.104451 0.000130031 3.885953098 0.061466455 
Irri GPC 14 38650 378693 1 2 0.055 0.425376 0.107357 7.42E-05 4.129364377 0.018809206 
Irri GPC 14 38687 960614 1 2 0.055 0.425376 0.107357 7.42E-05 4.129364377 0.018809206 
Irri GPC 14 40508 0 1 2 0.055 0.425376 0.107357 7.42E-05 4.129364377 0.018809206 
Irri GPC 14 40509 0 1 2 0.055 0.425376 0.107357 7.42E-05 4.129364377 0.018809206 
Irri GPC 15 7457 0 2 1 0.175 0.420517 0.100962 3.11E-05 4.506971576 0.051060976 
Irri GPC 14 40457 0 1 2 0.075 0.333665 0.0793646 2.62E-05 4.581697051 0.015447361 
Irri GPC 8 5202 0 2 1 0.015 0.417182 0.0984344 2.25E-05 4.647148219 0.005142906 
Irri GPC 14 38688 1153224 1 2 0.095 0.458597 0.108115 2.22E-05 4.65404629 0.036163012 
Irri GPC 14 38689 1153482 1 2 0.095 0.458597 0.108115 2.22E-05 4.65404629 0.036163012 
Irri GPC 14 40699 0 1 2 0.095 0.458597 0.108115 2.22E-05 4.65404629 0.036163012 
Irri GPC 7 37549 3426422 2 1 0.055 0.533888 0.12548 2.09E-05 4.679326231 0.029629533 
Irri GPC 14 40860 0 2 1 0.045 0.511508 0.11717 1.27E-05 4.896812251 0.022487995 
Irri GPC 21 41541 0 2 1 0.06 0.523387 0.119281 1.14E-05 4.941308317 0.03089975 
Irri GPC 14 38646 376518 2 1 0.065 0.509178 0.114526 8.75E-06 5.058003859 0.031513325 
Irri GPC 14 38648 378485 2 1 0.065 0.509178 0.114526 8.75E-06 5.058003859 0.031513325 
Irri GPC 8 3484 4384653 2 1 0.015 0.565974 0.127205 8.62E-06 5.064726066 0.00946565 
Irri GPC 14 38682 579396 2 1 0.015 0.565974 0.127205 8.62E-06 5.064726066 0.00946565 
Irri GPC 14 38685 938870 1 2 0.06 0.544874 0.120213 5.83E-06 5.234551255 0.03348893 
Irri GPC 5 27484 0 1 2 0.15 0.39946 0.0821825 1.17E-06 5.931810426 0.040689914 
RF GY 10 21437 0 1 2 0.43 0.0263407 0.00797365 0.00095498 3.020005724 0.000340117 
RF GY 3 18468 255407 2 1 0.24 0.0307814 0.00926171 0.000888922 3.051136345 0.000345646 
RF GY 8 6291 0 2 1 0.02 0.037982 0.0107552 0.000413225 3.383813412 5.65512E-05 
RF GY 16 15711 378044 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 15716 665209 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 15843 16749535 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 15856 20617582 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 16423 14654 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 16427 205667 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 16429 366040 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 16431 367331 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 16 16432 481251 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 17 21928 24470969 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37698 1778777 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37699 1779198 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37700 1779249 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37701 1779847 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37702 1781089 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37704 1781181 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37705 1781838 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37707 1785179 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37708 1785179 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37709 1785211 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37710 1785307 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37711 1785422 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
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RF GY 7 37712 1785463 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37713 1785561 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37714 1785653 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37715 1785761 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37747 657666 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 37749 658580 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 38221 0 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 38340 0 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 7 38501 0 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 39199 10652086 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 40087 329175 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 40092 37056 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 40096 41058 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 40108 598839 1 2 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 14 40689 0 2 1 0.01 0.102202 0.0282909 0.000303204 3.518265074 0.000206816 
RF GY 12 29203 434814 1 2 0.01 0.0653288 0.0170255 0.000124492 3.904858556 8.45035E-05 
RF GY 12 30034 0 2 1 0.04 0.0283067 0.00730733 0.000107176 3.969902456 6.15375E-05 
RF GY 8 2531 763007 1 2 0.02 0.0622147 0.0147606 2.49884E-05 4.602261551 0.00015173 
Irri GY 7 38004 0 1 2 0.01 0.204875 0.0632488 0.00119867 2.921300364 0.000831081 
Irri GY 8 4166 9721207 2 1 0.375 0.0525039 0.0159137 0.000969324 3.013531034 0.001292184 
Irri GY 17 22342 0 1 2 0.01 -0.188601 0.0567964 0.000898074 3.046687877 0.000704293 
Irri GY 14 38688 1153224 1 2 0.095 -0.178209 0.0529124 0.000757136 3.120826104 0.005460865 
Irri GY 14 38689 1153482 1 2 0.095 -0.178209 0.0529124 0.000757136 3.120826104 0.005460865 
Irri GY 14 40699 0 1 2 0.095 -0.178209 0.0529124 0.000757136 3.120826104 0.005460865 
Irri GY 14 38685 938870 1 2 0.06 -0.209986 0.0613798 0.000623686 3.205034005 0.004973817 
Irri GY 8 6073 0 1 2 0.035 0.115709 0.0334354 0.000538804 3.268569189 0.000904398 
Irri GY 11 25293 0 2 1 0.015 0.167364 0.0470244 0.000372163 3.429266806 0.000827716 
Irri GY 13 33326 1088317 1 2 0.195 -0.163646 0.0454076 0.00031345 3.503831726 0.008407585 
Irri GY 6 32612 0 1 2 0.01 -0.24669 0.0633138 9.76697E-05 4.010240146 0.001204948 
RF HD 10 20810 361708 2 1 0.415 1.02048 0.309965 0.000993982 3.00262148 0.505641782 
RF HD 4 23587 1 1 2 0.39 -0.945712 0.287252 0.00099382 3.002692268 0.425541811 
RF HD 4 23438 998783 2 1 0.395 1.02269 0.309206 0.000941455 3.026200434 0.499885437 
RF HD 4 23446 1747656 2 1 0.395 1.02269 0.309206 0.000941455 3.026200434 0.499885437 
RF HD 13 35076 0 1 2 0.465 0.856988 0.258712 0.000924582 3.034054566 0.365414866 
RF HD 14 38696 121635 1 2 0.315 1.64468 0.495298 0.000898292 3.046582468 1.167330797 
RF HD 4 24050 0 1 2 0.465 0.923076 0.273822 0.000748742 3.125667805 0.423947081 
RF HD 6 31620 3737407 2 1 0.165 1.10187 0.326287 0.000732798 3.135015725 0.334550076 
RF HD 4 23378 486971 2 1 0.39 1.06527 0.312003 0.000639491 3.194165563 0.539937922 
RF HD 4 24011 0 2 1 0.39 1.06527 0.312003 0.000639491 3.194165563 0.539937922 
RF HD 14 38688 1153224 1 2 0.095 1.96244 0.573128 0.000616889 3.209792974 0.662208811 
RF HD 14 38689 1153482 1 2 0.095 1.96244 0.573128 0.000616889 3.209792974 0.662208811 
RF HD 14 40699 0 1 2 0.095 1.96244 0.573128 0.000616889 3.209792974 0.662208811 
RF HD 4 23853 0 1 2 0.385 0.981289 0.286247 0.000607771 3.216260026 0.455994602 
RF HD 10 19095 377687 2 1 0.3 -1.24353 0.362032 0.000592837 3.227064699 0.649474082 
RF HD 19 30924 0 2 1 0.3 -1.24353 0.362032 0.000592837 3.227064699 0.649474082 
RF HD 4 23355 510714 1 2 0.385 -0.939749 0.2719 0.000547796 3.261381143 0.418205351 
RF HD 4 23366 34014 2 1 0.395 1.07625 0.31008 0.000518782 3.285015101 0.553616206 
RF HD 4 23675 0 1 2 0.38 1.01893 0.292993 0.0005058 3.296021175 0.489208484 
RF HD 4 23638 0 1 2 0.235 -0.962771 0.276636 0.000500884 3.300262841 0.333276962 
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RF HD 14 38685 938870 1 2 0.06 2.27082 0.649136 0.000468364 3.329416494 0.581667128 
RF HD 7 36233 227413 2 1 0.215 -1.05409 0.300668 0.000455192 3.341805379 0.375053739 
RF HD 14 38646 376518 2 1 0.065 2.16115 0.614383 0.000435487 3.361024805 0.567707701 
RF HD 14 38648 378485 2 1 0.065 2.16115 0.614383 0.000435487 3.361024805 0.567707701 
RF HD 4 23839 0 2 1 0.41 1.10143 0.311441 0.00040539 3.392126969 0.586921024 
RF HD 7 37549 3426422 2 1 0.055 2.43694 0.681117 0.000346429 3.46038576 0.617325429 
RF HD 17 22342 0 1 2 0.01 2.10146 0.576421 0.000266652 3.574055155 0.087439456 
RF HD 14 40622 0 2 1 0.32 1.56453 0.425751 0.000238076 3.623284383 1.065262593 
RF HD 21 41568 0 2 1 0.32 1.56453 0.425751 0.000238076 3.623284383 1.065262593 
RF HD 12 29399 2847687 1 2 0.335 -1.09033 0.292708 0.000195328 3.709235497 0.529678532 
RF HD 5 27036 3693369 2 1 0.38 1.80855 0.482225 0.000176532 3.753176558 1.541225982 
RF HD 4 23367 308890 1 2 0.385 1.15484 0.302319 0.000133481 3.874580548 0.631552527 
RF HD 4 23398 102119 2 1 0.33 -1.00829 0.259531 0.000102305 3.99010314 0.449562066 
RF HD 8 3484 4384653 2 1 0.015 2.68961 0.691829 0.000101207 3.994789448 0.213764758 
RF HD 14 38682 579396 2 1 0.015 2.68961 0.691829 0.000101207 3.994789448 0.213764758 
RF HD 5 27484 0 1 2 0.15 1.75718 0.446813 8.40E-05 4.07570934 0.787358796 
RF HD 2 9089 14833884 2 1 0.25 2.07986 0.528153 8.22E-05 4.085291998 1.622181607 
RF HD 16 16931 0 1 2 0.385 -1.03159 0.253811 4.82E-05 4.317345987 0.503941458 
RF HD 14 40860 0 2 1 0.045 2.56824 0.626788 4.18E-05 4.37911681 0.566913883 
RF HD 13 33121 266955 1 2 0.315 -1.36906 0.331472 3.62E-05 4.440835779 0.808865076 
Irri HD 5 27484 0 1 2 0.15 1.3168 0.39907 0.000968011 3.014119708 0.442160371 
Irri HD 15 7450 0 2 1 0.18 -1.78975 0.538071 0.000880265 3.055386566 0.945586134 
Irri HD 10 21087 0 2 1 0.2 0.589057 0.177068 0.000878692 3.056163328 0.111036208 
Irri HD 1 439 15329550 2 1 0.065 1.04713 0.313018 0.00082201 3.085122899 0.133277294 
Irri HD 10 21356 0 2 1 0.15 1.6827 0.502739 0.000816711 3.087931595 0.722027219 
Irri HD 9 15396 0 1 2 0.015 -1.60097 0.477764 0.000805281 3.094052548 0.075739751 
Irri HD 3 18726 0 1 2 0.02 -1.60609 0.477017 0.000760066 3.119148694 0.101117383 
Irri HD 12 27791 5320427 2 1 0.115 2.12185 0.628703 0.000738266 3.131787132 0.916432463 
Irri HD 1 95 169483 1 2 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 19 30627 2269765 1 2 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 19 30663 2079584 2 1 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 19 30666 40617 1 2 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 19 30910 0 1 2 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 19 30930 0 2 1 0.01 -1.95241 0.5757 0.000695446 3.157736586 0.075475715 
Irri HD 9 15049 0 2 1 0.46 0.571609 0.168077 0.000671731 3.172804609 0.162322867 
Irri HD 2 9195 1026034 1 2 0.015 -1.67903 0.493651 0.000670754 3.173436729 0.083305638 
Irri HD 6 32595 0 1 2 0.26 -0.930783 0.273005 0.000651049 3.186386324 0.333374171 
Irri HD 1 2330 0 2 1 0.02 -1.3671 0.399745 0.000626385 3.203158651 0.073263326 
Irri HD 10 19336 1898375 1 2 0.025 1.80116 0.525778 0.000613203 3.212395729 0.158153646 
Irri HD 1 2244 0 2 1 0.145 -1.50677 0.439577 0.000608555 3.215700165 0.562934729 
Irri HD 17 22328 0 2 1 0.24 0.727504 0.211554 0.000584184 3.233450342 0.193074803 
Irri HD 10 19894 233606 2 1 0.355 -1.08795 0.314788 0.000547971 3.261242425 0.542045741 
Irri HD 14 38702 6072744 1 2 0.475 -1.70301 0.492295 0.000541512 3.266391915 1.446496226 
Irri HD 9 12659 8285536 2 1 0.025 -1.24745 0.358556 0.000503121 3.298327555 0.075861411 
Irri HD 4 23711 0 2 1 0.37 -0.959377 0.275089 0.00048754 3.311989747 0.429092451 
Irri HD 6 32010 5672225 2 1 0.01 -1.74635 0.497983 0.000453434 3.343485918 0.060384819 
Irri HD 6 32601 0 1 2 0.17 -1.8979 0.537652 0.000415598 3.381326551 1.016491289 
Irri HD 4 23270 133089 1 2 0.465 -1.94314 0.547469 0.00038623 3.413153996 1.878645837 
Irri HD 13 34169 289437 1 2 0.32 -1.63167 0.455922 0.000345122 3.462027355 1.15865341 
 372 
 
Irri HD 3 17542 432799 2 1 0.015 -1.74197 0.486576 0.000343508 3.464063144 0.089668278 
Irri HD 9 14073 484330 2 1 0.26 -1.96401 0.547303 0.000332559 3.478131294 1.484302616 
Irri HD 8 3306 5898520 2 1 0.26 2.00629 0.555714 0.000305854 3.514485835 1.548896792 
Irri HD 17 22240 0 2 1 0.02 -1.48926 0.409403 0.000275155 3.560422591 0.086941498 
Irri HD 1 2191 0 1 2 0.325 -1.64634 0.450548 0.000258093 3.588223774 1.18920353 
Irri HD 1 1875 0 2 1 0.26 -2.16377 0.590032 0.000245222 3.61044057 1.801595356 
Irri HD 14 38677 1227598 2 1 0.31 1.92121 0.522316 0.000234844 3.629220531 1.579030276 
Irri HD 13 33106 140213 1 2 0.08 -1.6733 0.453039 0.000221186 3.655242365 0.412150121 
Irri HD 13 35051 0 2 1 0.03 -2.48849 0.67052 0.000206212 3.685686066 0.3604083 
Irri HD 10 20810 361708 2 1 0.415 1.0404 0.28014 0.000204134 3.690084654 0.525574935 
Irri HD 2 7808 961443 2 1 0.12 -0.869852 0.233303 0.000192684 3.715154347 0.159802896 
Irri HD 5 27036 3693369 2 1 0.38 1.89108 0.505979 0.000185879 3.730769673 1.685097696 
Irri HD 2 9511 0 1 2 0.265 -1.55029 0.413291 0.000176073 3.754307236 0.936244113 
Irri HD 8 5228 0 1 2 0.015 2.51302 0.665604 0.000159657 3.796812036 0.186616214 
Irri HD 14 38696 121635 1 2 0.315 1.9487 0.515204 0.000155336 3.808727882 1.638781646 
Irri HD 6 31544 17132150 1 2 0.18 2.27424 0.601088 0.000154609 3.810765229 1.526823869 
Irri HD 21 41541 0 2 1 0.06 2.28219 0.599693 0.000141461 3.849363276 0.587506527 
Irri HD 1 1916 0 1 2 0.08 -2.16749 0.567082 0.000132282 3.878499248 0.691547499 
Irri HD 8 5202 0 2 1 0.015 1.75499 0.457857 0.000126563 3.897693239 0.091013702 
Irri HD 8 6521 0 1 2 0.23 1.72012 0.442174 0.000100181 3.999214638 1.048011499 
Irri HD 11 25172 0 1 2 0.015 -1.75815 0.447511 8.53902E-05 4.068591969 0.091341752 
Irri HD 14 38688 1153224 1 2 0.095 2.22597 0.566331 8.47645E-05 4.071785995 0.852002353 
Irri HD 14 38689 1153482 1 2 0.095 2.22597 0.566331 8.47645E-05 4.071785995 0.852002353 
Irri HD 14 40699 0 1 2 0.095 2.22597 0.566331 8.47645E-05 4.071785995 0.852002353 
Irri HD 10 21006 0 2 1 0.155 1.81844 0.459495 7.57468E-05 4.12063571 0.866196361 
Irri HD 1 2167 0 2 1 0.145 -2.33566 0.588124 7.14592E-05 4.14594185 1.352643528 
Irri HD 14 38685 938870 1 2 0.06 2.39251 0.601847 0.000070299 4.153050853 0.645678942 
Irri HD 5 27278 0 2 1 0.03 -1.32489 0.332162 6.64393E-05 4.177574952 0.10216041 
Irri HD 2 9089 14833884 2 1 0.25 2.14025 0.533885 6.10235E-05 4.214502887 1.717751273 
Irri HD 14 40457 0 1 2 0.075 1.53618 0.382822 6.00067E-05 4.221800256 0.327429048 
Irri HD 14 38646 376518 2 1 0.065 2.35587 0.584132 5.50422E-05 4.259304216 0.674617506 
Irri HD 14 38648 378485 2 1 0.065 2.35587 0.584132 5.50422E-05 4.259304216 0.674617506 
Irri HD 8 3484 4384653 2 1 0.015 2.52734 0.623573 5.05635E-05 4.296162872 0.188749073 
Irri HD 14 38682 579396 2 1 0.015 2.52734 0.623573 5.05635E-05 4.296162872 0.188749073 
Irri HD 6 31038 111368 2 1 0.2 2.12231 0.514492 3.70649E-05 4.431037167 1.441343916 
Irri HD 14 40658 0 1 2 0.01 2.87525 0.682675 2.53413E-05 4.59617111 0.163687839 
Irri HD 7 37549 3426422 2 1 0.055 2.61824 0.617533 0.000022368 4.650372846 0.712596034 
Irri HD 9 15542 0 2 1 0.48 -2.03806 0.474941 1.77718E-05 4.750268583 2.073521331 
Irri HD 9 14662 0 1 2 0.46 2.5782 0.59253 1.35411E-05 4.868346055 3.302286851 
Irri HD 14 40860 0 2 1 0.045 2.60915 0.596541 1.22099E-05 4.913287893 0.585118697 
Irri HD 1 1873 0 2 1 0.02 -1.91776 0.428923 7.78192E-06 5.108913238 0.144169894 
Irri HD 12 29958 0 2 1 0.02 -1.91776 0.428923 7.78192E-06 5.108913238 0.144169894 
Irri HD 6 31171 1108011 1 2 0.155 -1.3959 0.305199 0.000004791 5.319573829 0.510419217 
Irri HD 13 33204 501153 1 2 0.155 -1.3959 0.305199 0.000004791 5.319573829 0.510419217 
Irri HD 13 34854 0 2 1 0.14 2.99956 0.651177 4.09773E-06 5.387456661 2.166564335 
Irri HD 5 27394 0 2 1 0.08 -1.89524 0.404095 2.73096E-06 5.563684661 0.528732782 
Irri HD 5 25700 1540577 1 2 0.01 -2.43753 0.518097 2.5416E-06 5.594892798 0.11764274 
Irri HD 16 16989 0 2 1 0.12 -2.34291 0.49711 2.44024E-06 5.612567458 1.159324799 
RF PH 3 18140 2521878 1 2 0.225 2.91581 0.885543 0.000992355 3.003332938 2.96505435 
 373 
 
RF PH 3 18142 2523081 1 2 0.225 2.91581 0.885543 0.000992355 3.003332938 2.96505435 
RF PH 3 18242 904132 1 2 0.225 2.91581 0.885543 0.000992355 3.003332938 2.96505435 
RF PH 3 18766 0 1 2 0.225 2.91581 0.885543 0.000992355 3.003332938 2.96505435 
RF PH 12 28487 4665943 1 2 0.44 -2.46705 0.747325 0.000962824 3.016453093 2.999346234 
RF PH 4 23221 1413173 1 2 0.27 2.79957 0.844566 0.00091707 3.037597513 3.089578839 
RF PH 2 9095 553274 1 2 0.315 0.801199 0.24087 0.000880182 3.055427517 0.277020506 
RF PH 12 28513 1367191 1 2 0.365 2.72066 0.806999 0.000748072 3.1260566 3.431192852 
RF PH 12 30333 0 1 2 0.365 2.72066 0.806999 0.000748072 3.1260566 3.431192852 
RF PH 2 7869 1282075 2 1 0.025 2.45581 0.72444 0.000699077 3.155474986 0.294011384 
RF PH 7 37804 1838006 2 1 0.47 -2.29114 0.625276 0.000248109 3.605357482 2.615212469 
RF PH 9 15552 0 1 2 0.065 1.27802 0.333805 0.000128858 3.889888614 0.198531884 
RF PH 21 41072 661620 1 2 0.065 1.27802 0.333805 0.000128858 3.889888614 0.198531884 
RF PH 10 21295 0 2 1 0.44 2.00723 0.515997 0.000100245 3.99893728 1.985477536 
RF PH 8 5140 0 1 2 0.43 -2.17111 0.540288 5.86E-05 4.232189103 2.310664873 
Irri PH 14 40462 0 2 1 0.16 -3.98607 1.20874 0.000974784 3.011091608 4.270897087 
Irri PH 5 26455 2746120 2 1 0.485 2.94154 0.88794 0.000923794 3.034424863 4.32243509 
Irri PH 17 22181 57451 2 1 0.32 3.00961 0.906629 0.000901582 3.044994768 3.941933824 
Irri PH 6 31785 229708 1 2 0.35 -2.98754 0.897154 0.000868404 3.061278185 4.061054839 
Irri PH 6 31792 389670 1 2 0.35 -2.98754 0.897154 0.000868404 3.061278185 4.061054839 
Irri PH 6 33068 0 1 2 0.35 -2.98754 0.897154 0.000868404 3.061278185 4.061054839 
Irri PH 9 11517 76332 1 2 0.17 1.82629 0.543885 0.000785475 3.104867633 0.941231583 
Irri PH 1 1313 1046813 1 2 0.16 -2.7199 0.808825 0.000771632 3.11258977 1.988543695 
Irri PH 11 25439 0 2 1 0.295 2.09309 0.62059 0.000744234 3.128290493 1.82228766 
Irri PH 17 22008 1774640 2 1 0.155 4.35471 1.2904 0.000738978 3.131368491 4.967488611 
Irri PH 9 12488 12891656 2 1 0.05 -4.90144 1.44421 0.000689153 3.161684349 2.282290837 
Irri PH 16 17037 0 1 2 0.165 4.24166 1.24588 0.000662714 3.178673855 4.957607302 
Irri PH 1 1132 4998231 1 2 0.46 -2.96942 0.871131 0.000652737 3.185261769 4.380511712 
Irri PH 1 1133 5000814 1 2 0.46 -2.96942 0.871131 0.000652737 3.185261769 4.380511712 
Irri PH 1 2067 0 1 2 0.46 -2.96942 0.871131 0.000652737 3.185261769 4.380511712 
Irri PH 8 5803 0 1 2 0.46 -2.96942 0.871131 0.000652737 3.185261769 4.380511712 
Irri PH 8 6540 0 1 2 0.46 -2.96942 0.871131 0.000652737 3.185261769 4.380511712 
Irri PH 16 16444 313024 1 2 0.16 4.20207 1.22792 0.000621371 3.20664902 4.746307046 
Irri PH 1 2074 0 2 1 0.075 -3.57895 1.04549 0.000618851 3.208413903 1.77723253 
Irri PH 6 32828 0 1 2 0.02 -3.05919 0.892037 0.000604827 3.21836883 0.366858823 
Irri PH 13 34778 0 1 2 0.435 -3.39912 0.987686 0.000578503 3.237694385 5.679376945 
Irri PH 5 27256 0 2 1 0.405 -3.01421 0.87427 0.000565405 3.247640355 4.378738374 
Irri PH 4 23090 701595 1 2 0.215 -2.67962 0.773032 0.000527521 3.277760247 2.423731647 
Irri PH 9 14184 303024 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 9 14214 224138 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 9 15252 0 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 9 15264 0 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16448 442092 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16451 443495 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16471 571326 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16479 1563920 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16863 0 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16955 0 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 16 16958 0 1 2 0.165 4.237 1.21952 0.000512144 3.290607911 4.946720168 
Irri PH 13 35201 0 1 2 0.085 1.56723 0.448445 0.0004744 3.32385532 0.382063446 
 374 
 
Irri PH 5 26280 13385886 2 1 0.395 -3.22905 0.916136 0.000424049 3.372583957 4.983471807 
Irri PH 12 30210 0 1 2 0.015 5.27403 1.48398 0.00037946 3.420833998 0.821944847 
Irri PH 8 3462 8995902 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 3465 9257255 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 3466 9258610 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 3469 1157849 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 3486 4650162 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 5311 0 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 5430 0 2 1 0.055 -4.90139 1.37873 0.000377982 3.422528881 2.497255708 
Irri PH 8 5966 0 1 2 0.295 2.10481 0.589085 0.000352902 3.45234588 1.842752145 
Irri PH 9 15647 0 2 1 0.44 -1.52451 0.421522 0.000298416 3.525177895 1.145331629 
Irri PH 3 17119 174322 2 1 0.44 -1.52451 0.421522 0.000298416 3.525177895 1.145331629 
Irri PH 21 41574 0 1 2 0.025 2.99972 0.828243 0.000292576 3.533761302 0.438668104 
Irri PH 2 9450 0 1 2 0.015 5.74668 1.58284 0.000282754 3.548591243 0.975868982 
Irri PH 2 9914 0 1 2 0.015 5.74668 1.58284 0.000282754 3.548591243 0.975868982 
Irri PH 8 3546 3509171 1 2 0.04 -4.16865 1.14719 0.000279275 3.55396794 1.334602969 
Irri PH 16 16670 0 1 2 0.04 -4.16865 1.14719 0.000279275 3.55396794 1.334602969 
Irri PH 7 38253 0 1 2 0.115 1.3753 0.377944 0.000273804 3.562560212 0.385004666 
Irri PH 9 10360 47750 2 1 0.16 4.75015 1.29222 0.000236968 3.625310297 6.065183046 
Irri PH 10 21069 0 1 2 0.305 1.18219 0.321012 0.000230784 3.636794304 0.592501156 
Irri PH 3 18140 2521878 1 2 0.225 4.56315 1.22696 0.000199951 3.69907642 7.26179035 
Irri PH 3 18142 2523081 1 2 0.225 4.56315 1.22696 0.000199951 3.69907642 7.26179035 
Irri PH 3 18242 904132 1 2 0.225 4.56315 1.22696 0.000199951 3.69907642 7.26179035 
Irri PH 3 18766 0 1 2 0.225 4.56315 1.22696 0.000199951 3.69907642 7.26179035 
Irri PH 9 13815 7517418 1 2 0.015 2.94961 0.789839 0.000188134 3.725532711 0.257090885 
Irri PH 14 40762 0 2 1 0.14 -2.97273 0.79034 0.000169014 3.77207732 2.127979376 
Irri PH 1 1883 0 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 2924 6094557 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 2930 7324148 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 2939 9462084 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 2998 1544725 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 3076 902514 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 6113 0 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 8 6290 0 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 2 8759 3137001 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 9 14212 222957 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 3 17329 1104831 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 3 17635 6007189 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 3 17739 20655907 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 17 21983 2243406 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 17 22288 0 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 11 24412 3470674 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 11 25338 0 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 5 27098 1871418 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 12 30576 0 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 13 33346 3747084 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 20 36004 0 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 14 39035 7503434 1 2 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
Irri PH 21 41522 0 2 1 0.045 -5.76504 1.53229 0.000168306 3.773900401 2.856607229 
 375 
 
Irri PH 12 28487 4665943 1 2 0.44 -3.98274 1.05475 0.000159365 3.797607053 7.816900985 
Irri PH 8 2816 401948 1 2 0.05 -5.44379 1.4242 0.000132179 3.878837538 2.815310709 
Irri PH 12 28513 1367191 1 2 0.365 4.39172 1.14272 0.000121429 3.915677581 8.940583673 
Irri PH 12 30333 0 1 2 0.365 4.39172 1.14272 0.000121429 3.915677581 8.940583673 
Irri PH 6 32794 0 1 2 0.01 5.32185 1.37424 0.00010769 3.967824623 0.560777331 
Irri PH 12 30516 0 1 2 0.01 6.11991 1.57826 0.000105481 3.976825762 0.741575308 
Irri PH 20 35644 18841 1 2 0.015 2.84095 0.725337 8.97575E-05 4.046929252 0.238497958 
Irri PH 14 40873 0 1 2 0.22 5.09877 1.29788 8.54661E-05 4.068206113 8.922326732 
Irri PH 7 37804 1838006 2 1 0.47 -3.64846 0.901365 5.17223E-05 4.286322171 6.631669917 
Irri PH 13 33590 226798 1 2 0.075 3.4091 0.82301 3.43933E-05 4.463526152 1.61254734 
Irri PH 10 19559 9625584 1 2 0.02 2.62779 0.632007 3.21253E-05 4.493152808 0.270686987 
Irri PH 9 10492 2659109 1 2 0.02 3.5256 0.828893 2.10567E-05 4.67660969 0.48725033 
Irri PH 14 39179 213575 1 2 0.435 2.86131 0.664228 1.64949E-05 4.782650313 4.024366506 
Irri PH 2 9575 0 2 1 0.12 -1.94215 0.44556 1.30724E-05 4.883644672 0.796635127 
Irri PH 7 36453 27342 2 1 0.285 -2.89075 0.660246 1.19617E-05 4.922207094 3.405665313 
Irri PH 16 16595 1261779 2 1 0.015 4.04353 0.893253 5.98978E-06 5.222589129 0.483146485 
Irri PH 5 26405 3108567 1 2 0.04 5.08334 1.10733 4.41952E-06 5.354624896 1.984538539 
Irri PH 5 26413 3545589 2 1 0.04 5.08334 1.10733 4.41952E-06 5.354624896 1.984538539 
Irri PH 5 26415 3546075 2 1 0.04 5.08334 1.10733 4.41952E-06 5.354624896 1.984538539 
Irri PH 5 26418 3546426 2 1 0.04 5.08334 1.10733 4.41952E-06 5.354624896 1.984538539 
Irri PH 5 27460 0 1 2 0.04 5.08334 1.10733 4.41952E-06 5.354624896 1.984538539 
Irri PH 10 21459 0 1 2 0.075 4.87638 1.00932 1.35623E-06 5.867666653 3.299347614 
Irri PH 8 5560 0 1 2 0.01 4.4349 0.909158 1.07152E-06 5.969999718 0.389433093 
RF TKW 1 2167 0 2 1 0.145 2.89467 0.864582 0.000813819 3.089472175 2.077601418 
RF TKW 14 40802 0 1 2 0.09 -2.23604 0.667758 0.000812271 3.090299052 0.818979506 
RF TKW 9 12068 1354808 2 1 0.26 2.35769 0.703076 0.000798253 3.097859441 2.138988582 
RF TKW 2 9256 4545007 2 1 0.19 -1.01321 0.300545 0.000748254 3.125950953 0.315985788 
RF TKW 7 37921 204073 2 1 0.095 1.18851 0.350647 0.000700252 3.154745642 0.242889008 
RF TKW 16 16473 571578 1 2 0.195 1.94582 0.57285 0.000681958 3.166242372 1.188682348 
RF TKW 5 27036 3693369 2 1 0.38 -2.61522 0.768664 0.000668241 3.175066882 3.222713806 
RF TKW 6 31330 747381 2 1 0.26 -2.13176 0.624269 0.000638261 3.195001692 1.748685388 
RF TKW 14 38646 376518 2 1 0.065 -2.94338 0.861231 0.000631661 3.199515936 1.053046702 
RF TKW 14 38648 378485 2 1 0.065 -2.94338 0.861231 0.000631661 3.199515936 1.053046702 
RF TKW 8 3378 28984 2 1 0.225 -1.21506 0.352681 0.00057064 3.243637789 0.514884318 
RF TKW 7 37935 274027 2 1 0.01 2.32432 0.666163 0.000484634 3.314586121 0.106968777 
RF TKW 14 38685 938870 1 2 0.06 -3.10078 0.88095 0.000431853 3.364664059 1.084553569 
RF TKW 2 9089 14833884 2 1 0.25 -2.82264 0.800912 0.000424636 3.37198319 2.987736214 
RF TKW 2 9195 1026034 1 2 0.015 2.56624 0.723515 0.000389787 3.409172649 0.194604118 
RF TKW 9 15542 0 2 1 0.48 2.61407 0.736676 0.000387473 3.411758555 3.411214293 
RF TKW 5 25700 1540577 1 2 0.01 2.7384 0.763195 0.000333138 3.477375826 0.148476924 
RF TKW 19 30962 0 1 2 0.015 -3.23919 0.901893 0.000328726 3.483165945 0.310048997 
RF TKW 14 38688 1153224 1 2 0.095 -3.02554 0.842142 0.000327299 3.485055322 1.57401178 
RF TKW 14 38689 1153482 1 2 0.095 -3.02554 0.842142 0.000327299 3.485055322 1.57401178 
RF TKW 14 40699 0 1 2 0.095 -3.02554 0.842142 0.000327299 3.485055322 1.57401178 
RF TKW 1 2244 0 2 1 0.145 -2.3678 0.655558 0.000303972 3.517166419 1.390125932 
RF TKW 12 29174 942760 1 2 0.195 2.70112 0.744176 0.000283779 3.547019746 2.290594663 
RF TKW 16 16595 1261779 2 1 0.015 2.53811 0.697084 0.000271542 3.566162988 0.19036117 
RF TKW 10 21006 0 2 1 0.155 -2.53969 0.686634 0.000216663 3.664215248 1.689584126 
RF TKW 16 16677 0 2 1 0.185 -2.65288 0.716597 0.000213864 3.669862315 2.122240235 
 376 
 
RF TKW 12 28655 5637098 2 1 0.01 2.93249 0.791971 0.000213255 3.671100778 0.170270052 
RF TKW 8 5922 0 2 1 0.01 2.48175 0.665574 0.000192446 3.715691111 0.121949845 
RF TKW 7 37549 3426422 2 1 0.055 -3.35172 0.89725 0.000187308 3.727443673 1.167777102 
RF TKW 21 41541 0 2 1 0.06 -3.28654 0.878126 0.000182069 3.739763993 1.218391735 
RF TKW 8 6521 0 1 2 0.23 -2.49442 0.665821 0.000179403 3.746170299 2.203878849 
RF TKW 8 5027 787204 2 1 0.015 2.62529 0.689555 0.00014054 3.852200051 0.203662961 
RF TKW 17 22326 0 2 1 0.095 1.16377 0.305396 0.000138583 3.858290041 0.232882307 
RF TKW 8 3197 2480490 1 2 0.27 1.80905 0.473313 0.000132315 3.878390919 1.290083322 
RF TKW 14 40860 0 2 1 0.045 -3.37309 0.875956 0.000117756 3.929016955 0.977916422 
RF TKW 8 3680 7846658 1 2 0.145 -2.21513 0.573103 0.000111019 3.954602689 1.216641287 
RF TKW 8 2366 762811 1 2 0.255 2.46694 0.6375 0.000108964 3.962716962 2.312297037 
RF TKW 10 21356 0 2 1 0.15 -3.00634 0.763071 8.16E-05 4.088563786 2.30471045 
RF TKW 2 9475 0 1 2 0.3 3.32872 0.839018 7.27E-05 4.138693848 4.653758272 
RF TKW 12 29723 0 1 2 0.055 1.38214 0.348236 7.22E-05 4.14154221 0.198576826 
RF TKW 8 3484 4384653 2 1 0.015 -3.59586 0.904445 7.02E-05 4.153948181 0.38208768 
RF TKW 14 38682 579396 2 1 0.015 -3.59586 0.904445 7.02E-05 4.153948181 0.38208768 
RF TKW 6 32601 0 1 2 0.17 3.39304 0.835472 4.88E-05 4.311442258 3.248889709 
RF TKW 13 33901 3729208 2 1 0.045 3.27575 0.798012 4.05E-05 4.393070738 0.922289746 
RF TKW 16 16437 496573 2 1 0.395 -1.20788 0.294055 4.00E-05 4.398287583 0.697316668 
RF TKW 9 14073 484330 2 1 0.26 3.63091 0.850247 1.95E-05 4.709727149 5.073013658 
RF TKW 1 1837 0 2 1 0.13 2.94938 0.683703 1.60E-05 4.794676519 1.967678147 
RF TKW 16 16915 0 2 1 0.19 -3.54343 0.816445 1.42E-05 4.846374133 3.86470484 
RF TKW 13 34816 0 2 1 0.26 2.86355 0.659071 1.39E-05 4.855768382 3.155328678 
RF TKW 9 14662 0 1 2 0.46 -4.07283 0.909535 7.54E-06 5.122789384 8.240890683 
RF TKW 12 29240 8311868 1 2 0.255 3.72157 0.810838 4.44E-06 5.35289589 5.262339136 
RF TKW 12 29241 8320182 1 2 0.255 3.72157 0.810838 4.44E-06 5.35289589 5.262339136 
RF TKW 1 1875 0 2 1 0.26 4.25426 0.906693 2.70E-06 5.567896956 6.964390591 
RF TKW 13 34854 0 2 1 0.14 -4.61314 0.981649 2.61E-06 5.583431049 5.124479407 
RF TKW 13 35439 0 2 1 0.455 2.66629 0.566703 2.54E-06 5.595205611 3.525759317 
RF TKW 6 31544 17132150 1 2 0.18 -4.39871 0.918757 1.69E-06 5.772820563 5.711721381 
Irri TKW 17 21856 5145999 2 1 0.01 -5.45741 1.65741 0.000992196 3.003402528 0.589709813 
Irri TKW 1 110 798955 1 2 0.44 -3.66667 1.11344 0.000990841 3.003996031 6.625434268 
Irri TKW 1 111 863500 1 2 0.44 -3.66667 1.11344 0.000990841 3.003996031 6.625434268 
Irri TKW 1 2053 0 1 2 0.44 -3.66667 1.11344 0.000990841 3.003996031 6.625434268 
Irri TKW 2 9868 0 1 2 0.415 3.20575 0.972908 0.00098414 3.006943116 4.989916293 
Irri TKW 8 2366 762811 1 2 0.255 2.04565 0.61914 0.000953083 3.020869277 1.589970656 
Irri TKW 15 7457 0 2 1 0.175 -2.59729 0.784895 0.000935968 3.028738999 1.947883056 
Irri TKW 14 38677 1227598 2 1 0.31 -2.54858 0.767614 0.000899729 3.045888281 2.778672235 
Irri TKW 1 1048 11925221 1 2 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 1049 12898830 1 2 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 1050 12900011 1 2 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 1051 12900062 1 2 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 1052 12918945 2 1 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 1053 13528172 2 1 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 1 2054 0 1 2 0.45 -3.70697 1.11562 0.000891248 3.050001432 6.802105158 
Irri TKW 14 38696 121635 1 2 0.315 -2.52504 0.759646 0.000887476 3.051843383 2.751488143 
Irri TKW 17 21884 473020 2 1 0.235 -3.38518 1.01762 0.000879174 3.055925164 4.120242958 
Irri TKW 14 40868 0 2 1 0.015 2.03519 0.610207 0.000852238 3.069439105 0.122396051 
Irri TKW 2 9612 0 2 1 0.015 1.88276 0.562937 0.00082421 3.083962121 0.104748403 
 377 
 
Irri TKW 17 21887 3368791 1 2 0.23 -3.47724 1.03929 0.000820497 3.085923003 4.282702338 
Irri TKW 17 21893 2747871 1 2 0.23 -3.47724 1.03929 0.000820497 3.085923003 4.282702338 
Irri TKW 17 21917 626317 2 1 0.23 -3.47724 1.03929 0.000820497 3.085923003 4.282702338 
Irri TKW 6 32343 240975 1 2 0.37 0.816985 0.243639 0.00079867 3.097632628 0.311171945 
Irri TKW 8 4145 8024010 1 2 0.11 1.11562 0.331925 0.000776408 3.109909998 0.243694243 
Irri TKW 17 22497 0 2 1 0.24 -3.51135 1.04449 0.000774408 3.111030169 4.497830354 
Irri TKW 8 6521 0 1 2 0.23 -2.18327 0.649317 0.000772676 3.112002577 1.688353768 
Irri TKW 19 30962 0 1 2 0.015 -2.94485 0.873389 0.000746913 3.126729982 0.256261782 
Irri TKW 10 20220 13211649 2 1 0.295 3.80504 1.1266 0.000731636 3.135704933 6.022261115 
Irri TKW 8 5850 0 2 1 0.015 1.84477 0.544057 0.000696983 3.156777815 0.100563861 
Irri TKW 6 31038 111368 2 1 0.2 -2.57948 0.75894 0.000676823 3.169524891 2.129189463 
Irri TKW 4 23270 133089 1 2 0.465 2.71925 0.795742 0.000632581 3.198883857 3.679044196 
Irri TKW 17 21895 5514326 1 2 0.235 -3.68625 1.07855 0.000631295 3.19976765 4.885723265 
Irri TKW 17 21910 11030034 1 2 0.235 -3.68625 1.07855 0.000631295 3.19976765 4.885723265 
Irri TKW 17 21915 4332113 1 2 0.235 -3.68625 1.07855 0.000631295 3.19976765 4.885723265 
Irri TKW 17 22490 0 1 2 0.235 -3.68625 1.07855 0.000631295 3.19976765 4.885723265 
Irri TKW 9 11189 3621252 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 9 11190 3691935 2 1 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 9 11357 26208313 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 9 14712 0 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 9 15628 0 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 12 27589 518984 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 12 27690 6447515 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 12 30011 0 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 19 30859 3604708 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 20 35874 200403 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 20 35876 300720 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 20 35877 301399 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 7 36427 897936 1 2 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 14 39496 2063120 2 1 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 21 41424 1992681 2 1 0.26 5.10164 1.48131 0.00057317 3.241716549 10.01508597 
Irri TKW 2 9724 0 2 1 0.275 1.32146 0.383228 0.000564276 3.248508421 0.696319792 
Irri TKW 9 15082 0 1 2 0.485 1.93421 0.560573 0.000559727 3.252023743 1.868900636 
Irri TKW 1 64 467933 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 134 848762 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 847 8063734 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 900 3177467 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 906 2134953 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 1616 7272771 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 1666 202217 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 1667 202217 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 1 1968 0 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 3985 977582 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 4929 2019039 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 4978 385854 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 5113 834861 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 5703 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 5913 0 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 8 5953 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
 378 
 
Irri TKW 8 6618 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 15 6758 97825 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 2 8798 5935929 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 2 9396 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 2 9623 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 9 12464 8102555 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 9 12543 6782177 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 9 12548 7552927 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 9 12555 8789334 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 9 14213 223886 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 16 16836 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 3 17679 2385858 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 3 17681 2387601 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 3 17809 4581370 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 3 18887 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 19804 6034289 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 20135 8259674 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 20140 9399746 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 20244 5575852 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 20245 8871111 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 21107 0 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 21738 1234636 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 21741 1237036 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 21750 1523268 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 21751 1593602 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 21758 1915175 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 22033 643761 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 22329 0 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 17 22360 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 4 23488 1757445 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24219 454132 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24342 2477314 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24650 1674599 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24854 1188118 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24872 12712421 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24874 3813285 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24883 1245892 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24884 1246746 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24924 4436438 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24925 4788816 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 24926 4868371 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 25120 238556 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 25195 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 11 25395 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 18 25493 11801161 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 18 25495 12241170 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 18 25560 3265654 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 18 25660 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 25737 50126 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
 379 
 
Irri TKW 5 25744 2159540 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 25794 3182401 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 25796 3184636 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 25828 16288037 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 25961 4836333 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26050 3661983 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26051 3666959 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26067 762893 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26069 1841645 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26073 1977607 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26075 2484496 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26082 1528793 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26083 1794459 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26084 2266965 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26085 2659721 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 26453 2516178 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27075 203592 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27076 204158 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27091 485594 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27097 1869313 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27101 1875738 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27110 1350974 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27244 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 5 27516 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 27563 1715036 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29000 5932290 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29002 6831337 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29300 184288 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29302 2037927 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29306 2093953 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29318 8761885 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29319 12424529 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29320 12622576 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29321 308392 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29324 2821933 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 12 29326 3499575 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 19 30899 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 19 30900 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 19 30909 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 19 30932 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 19 30950 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31019 231066 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31030 387983 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31039 112081 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31041 113205 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31044 116086 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31173 1786252 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31174 1786409 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31182 1789463 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
 380 
 
Irri TKW 6 31188 1791831 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31734 88959 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31740 2258065 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31748 3190289 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31788 835562 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 31790 2602869 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32430 500350 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32522 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32530 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32562 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32864 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32987 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 6 32997 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 13 34656 237839 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 13 34978 0 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37482 10024732 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37484 10877313 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37489 12240941 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37490 48199 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37491 2741373 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37550 3427375 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 7 37619 461240 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 14 39636 10209105 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41076 750895 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41084 11567968 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41089 1329590 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41092 2387121 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41106 250963 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41123 7280535 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41168 5621506 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41170 21000494 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41172 31313504 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41327 4339085 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41330 969553 1 2 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 21 41332 1521411 2 1 0.045 6.333 1.83499 0.000557995 3.253369693 3.44718711 
Irri TKW 10 21006 0 2 1 0.155 -2.31407 0.668978 0.000541947 3.266043183 1.402721285 
Irri TKW 15 7569 0 2 1 0.16 -2.03819 0.587058 0.000516838 3.286645563 1.116653926 
Irri TKW 8 3306 5898520 2 1 0.26 -2.80987 0.807193 0.00049947 3.301490592 3.038138152 
Irri TKW 18 25572 469085 1 2 0.3 1.83691 0.523073 0.00044513 3.351513135 1.417180106 
Irri TKW 4 23917 0 1 2 0.465 2.88391 0.820363 0.000439093 3.357443486 4.138091949 
Irri TKW 16 15688 1942536 2 1 0.21 -4.60496 1.30653 0.000424173 3.372456979 7.03603686 
Irri TKW 16 16595 1261779 2 1 0.015 2.38276 0.67588 0.000422816 3.373848587 0.167771461 
Irri TKW 15 7005 8753935 1 2 0.41 -0.830305 0.233732 0.000381771 3.418197064 0.333534813 
Irri TKW 10 21356 0 2 1 0.15 -2.66971 0.745353 0.000341217 3.46696934 1.817474628 
Irri TKW 10 20179 21032048 2 1 0.29 4.48311 1.23101 0.000270737 3.567452388 8.276469757 
Irri TKW 10 20219 13204870 1 2 0.29 4.48311 1.23101 0.000270737 3.567452388 8.276469757 
Irri TKW 8 5202 0 2 1 0.015 -2.2794 0.624559 0.000262629 3.58065732 0.153531882 
Irri TKW 13 34624 1155800 1 2 0.38 0.870445 0.238096 0.000256318 3.591220894 0.357016223 
Irri TKW 1 1916 0 1 2 0.08 3.06097 0.836615 0.000253438 3.596128267 1.379195897 
 381 
 
Irri TKW 1 2244 0 2 1 0.145 -2.35907 0.638067 0.000217984 3.661575382 1.379894133 
Irri TKW 9 15542 0 2 1 0.48 2.67741 0.721571 0.00020683 3.684386468 3.578527335 
Irri TKW 2 9089 14833884 2 1 0.25 -2.91214 0.780027 0.000188924 3.723712868 3.180209767 
Irri TKW 5 27036 3693369 2 1 0.38 -2.80586 0.74988 0.000182747 3.738149744 3.70968708 
Irri TKW 12 28655 5637098 2 1 0.01 2.88836 0.771217 0.000180253 3.744117498 0.165183945 
Irri TKW 6 32010 5672225 2 1 0.01 2.61334 0.69772 0.000180002 3.744722669 0.13522501 
Irri TKW 1 2167 0 2 1 0.145 3.16136 0.839868 0.000167139 3.776922201 2.478061158 
Irri TKW 8 5922 0 2 1 0.01 2.43073 0.642028 0.000153076 3.815092895 0.116987277 
Irri TKW 1 1837 0 2 1 0.13 2.53334 0.668324 0.000150291 3.823067026 1.451708974 
Irri TKW 13 34045 36347 2 1 0.025 1.55533 0.408895 0.000142532 3.846087621 0.117928756 
Irri TKW 2 9475 0 1 2 0.3 3.13698 0.821716 0.000134756 3.870451889 4.133070279 
Irri TKW 16 16677 0 2 1 0.185 -2.68312 0.699119 0.00012411 3.906193224 2.170898536 
Irri TKW 14 38646 376518 2 1 0.065 -3.29571 0.836943 8.22E-05 4.08493855 1.32024017 
Irri TKW 14 38648 378485 2 1 0.065 -3.29571 0.836943 8.22E-05 4.08493855 1.32024017 
Irri TKW 14 40457 0 1 2 0.075 -2.13456 0.536804 7.00E-05 4.155169444 0.632193062 
Irri TKW 14 38685 938870 1 2 0.06 -3.40524 0.855332 6.86E-05 4.163869017 1.307990387 
Irri TKW 14 38688 1153224 1 2 0.095 -3.30751 0.819222 5.41E-05 4.267187428 1.881068072 
Irri TKW 14 38689 1153482 1 2 0.095 -3.30751 0.819222 5.41E-05 4.267187428 1.881068072 
Irri TKW 14 40699 0 1 2 0.095 -3.30751 0.819222 5.41E-05 4.267187428 1.881068072 
Irri TKW 6 32601 0 1 2 0.17 3.32556 0.818227 4.82E-05 4.3172495 3.120948376 
Irri TKW 7 37549 3426422 2 1 0.055 -3.55569 0.870336 4.40E-05 4.356580884 1.314232717 
Irri TKW 21 41541 0 2 1 0.06 -3.48489 0.852595 4.36E-05 4.360275511 1.369894898 
Irri TKW 16 16437 496573 2 1 0.395 -1.18562 0.284832 3.15E-05 4.50204116 0.671851822 
Irri TKW 9 14073 484330 2 1 0.26 3.51451 0.832567 2.43E-05 4.614552818 4.752965152 
Irri TKW 8 3484 4384653 2 1 0.015 -3.71387 0.877106 2.29E-05 4.639541023 0.407578138 
Irri TKW 14 38682 579396 2 1 0.015 -3.71387 0.877106 2.29E-05 4.639541023 0.407578138 
Irri TKW 14 40860 0 2 1 0.045 -3.60561 0.850722 2.25E-05 4.647393046 1.117386397 
Irri TKW 5 27484 0 1 2 0.15 -2.38084 0.552472 1.64E-05 4.786020304 1.445441772 
Irri TKW 13 34816 0 2 1 0.26 2.7992 0.644986 1.43E-05 4.846121139 3.015108342 
Irri TKW 13 35439 0 2 1 0.455 2.42908 0.55286 1.11E-05 4.952896547 2.926318083 
Irri TKW 9 12068 1354808 2 1 0.26 3.02548 0.685405 1.01E-05 4.993944913 3.522278048 
Irri TKW 16 16473 571578 1 2 0.195 2.47556 0.558916 9.46E-06 5.024211252 1.924010337 
Irri TKW 1 1875 0 2 1 0.26 4.05377 0.886579 4.82E-06 5.316730465 6.323438107 
Irri TKW 16 16915 0 2 1 0.19 -3.67486 0.80015 4.38E-06 5.359009038 4.156714655 
Irri TKW 9 14662 0 1 2 0.46 -4.13985 0.889265 3.23E-06 5.490241184 8.514336266 
Irri TKW 6 31544 17132150 1 2 0.18 -4.24146 0.897824 2.31E-06 5.636245159 5.310642961 
Irri TKW 13 34854 0 2 1 0.14 -4.62866 0.957594 1.34E-06 5.872697545 5.15901801 
Irri TKW 12 29240 8311868 1 2 0.255 3.83233 0.788352 1.17E-06 5.932981248 5.580231889 
Irri TKW 12 29241 8320182 1 2 0.255 3.83233 0.788352 1.17E-06 5.932981248 5.580231889 
RF TW 15 7457 0 2 1 0.175 -1.05707 0.320831 0.000984984 3.006570824 0.322648379 
RF TW 3 18596 2639060 1 2 0.435 -0.590275 0.177972 0.000910937 3.040511658 0.1712681 
RF TW 9 14662 0 1 2 0.46 -1.16876 0.352002 0.000899188 3.046149498 0.678628769 
RF TW 4 23420 970280 1 2 0.095 0.445683 0.133732 0.000860193 3.065404096 0.034155002 
RF TW 21 41511 0 2 1 0.11 -0.723023 0.215188 0.000779536 3.108163824 0.10235685 
RF TW 7 37607 1954555 1 2 0.035 -0.789565 0.234021 0.000741083 3.130133149 0.042111541 
RF TW 3 18934 0 1 2 0.01 0.978946 0.290004 0.000736476 3.132841401 0.018975038 
RF TW 8 3306 5898520 2 1 0.26 -1.13712 0.332188 0.000619046 3.208277078 0.497562521 
RF TW 8 5747 0 2 1 0.275 0.38495 0.111672 0.000566539 3.246770188 0.059089368 
RF TW 6 32505 106859 2 1 0.28 0.919138 0.263651 0.000489958 3.309841147 0.340629272 
 382 
 
RF TW 14 40802 0 1 2 0.09 -0.969667 0.273361 0.00038934 3.409670975 0.15401362 
RF TW 16 16593 1261056 1 2 0.185 1.04241 0.293261 0.00037861 3.421807919 0.327669841 
RF TW 14 38646 376518 2 1 0.065 -1.24735 0.350654 0.000374818 3.426179561 0.18911746 
RF TW 14 38648 378485 2 1 0.065 -1.24735 0.350654 0.000374818 3.426179561 0.18911746 
RF TW 10 19109 684348 1 2 0.435 0.936868 0.263301 0.000373462 3.427753581 0.431444077 
RF TW 10 19128 1045264 2 1 0.435 0.936868 0.263301 0.000373462 3.427753581 0.431444077 
RF TW 10 19190 1081606 1 2 0.325 -0.939858 0.262073 0.000335472 3.474343722 0.38756238 
RF TW 14 38650 378693 1 2 0.055 -1.18398 0.329302 0.000323845 3.489662804 0.145718008 
RF TW 14 38687 960614 1 2 0.055 -1.18398 0.329302 0.000323845 3.489662804 0.145718008 
RF TW 14 40508 0 1 2 0.055 -1.18398 0.329302 0.000323845 3.489662804 0.145718008 
RF TW 14 40509 0 1 2 0.055 -1.18398 0.329302 0.000323845 3.489662804 0.145718008 
RF TW 21 41541 0 2 1 0.06 -1.31336 0.360719 0.000271635 3.566014272 0.194570354 
RF TW 10 21660 0 1 2 0.055 -0.712539 0.19423 0.000243939 3.612718761 0.052776644 
RF TW 1 2167 0 2 1 0.145 1.30071 0.353334 0.000232099 3.634326731 0.419493341 
RF TW 6 32169 2755421 1 2 0.34 1.00369 0.268306 0.00018339 3.736624349 0.452118255 
RF TW 13 33991 10095868 1 2 0.485 -0.543098 0.144499 0.000170948 3.767135976 0.147344989 
RF TW 5 27036 3693369 2 1 0.38 -1.13163 0.301009 0.000170281 3.768833808 0.603412338 
RF TW 7 37549 3426422 2 1 0.055 -1.40849 0.372375 0.000155288 3.808862103 0.206220592 
RF TW 14 38893 1366898 1 2 0.01 1.17187 0.306967 0.000134776 3.870387437 0.02719093 
RF TW 14 38685 938870 1 2 0.06 -1.3868 0.362105 0.000128239 3.891979877 0.216938566 
RF TW 1 2219 0 1 2 0.05 -0.958122 0.248797 0.000117625 3.929500364 0.087209788 
RF TW 8 4870 1059376 1 2 0.05 -0.958122 0.248797 0.000117625 3.929500364 0.087209788 
RF TW 1 1545 867798 2 1 0.02 1.21512 0.313535 0.000106389 3.973103273 0.057879451 
RF TW 8 5202 0 2 1 0.015 1.08856 0.278154 9.10E-05 4.041161007 0.035015653 
RF TW 9 15067 0 1 2 0.23 -1.16226 0.293861 7.65E-05 4.116376603 0.478470471 
RF TW 5 27345 0 1 2 0.335 1.25371 0.311189 5.61E-05 4.251264022 0.700310484 
RF TW 10 19336 1898375 1 2 0.025 1.27999 0.317662 5.59E-05 4.252459244 0.079870752 
RF TW 13 33106 140213 1 2 0.08 -1.09598 0.271924 5.57E-05 4.254403743 0.176812542 
RF TW 9 9999 1378362 1 2 0.305 -0.941405 0.23284 5.27E-05 4.277872227 0.375722878 
RF TW 8 3484 4384653 2 1 0.015 -1.52672 0.376202 4.94E-05 4.305893429 0.068877325 
RF TW 14 38682 579396 2 1 0.015 -1.52672 0.376202 4.94E-05 4.305893429 0.068877325 
RF TW 12 30189 0 1 2 0.01 1.18686 0.286216 3.37E-05 4.472005548 0.027891006 
RF TW 4 23854 0 2 1 0.015 1.04032 0.24842 2.82E-05 4.550186945 0.031980952 
RF TW 3 18468 255407 2 1 0.24 0.907389 0.214694 2.37E-05 4.624455262 0.30035983 
RF TW 10 21235 0 2 1 0.27 1.44784 0.337165 1.75E-05 4.756104137 0.82633807 
RF TW 14 38688 1153224 1 2 0.095 -1.46613 0.339007 1.53E-05 4.816226382 0.369612918 
RF TW 14 38689 1153482 1 2 0.095 -1.46613 0.339007 1.53E-05 4.816226382 0.369612918 
RF TW 14 40699 0 1 2 0.095 -1.46613 0.339007 1.53E-05 4.816226382 0.369612918 
RF TW 10 19205 20268 2 1 0.025 -1.32379 0.301667 1.14E-05 4.942063972 0.085430473 
RF TW 14 40860 0 2 1 0.045 -1.58252 0.35843 1.01E-05 4.995910885 0.215250563 
RF TW 2 9089 14833884 2 1 0.25 -1.41827 0.318774 8.62E-06 5.064401048 0.754308672 
RF TW 9 15437 0 1 2 0.17 -1.30135 0.287704 6.09E-06 5.215362027 0.477909036 
RF TW 5 26281 13754608 1 2 0.345 0.691705 0.150344 4.21E-06 5.375888148 0.216238102 
RF TW 9 10098 1322423 2 1 0.47 -1.51102 0.316898 1.86E-06 5.730694913 1.137480994 
RF TW 1 1916 0 1 2 0.08 -1.69164 0.338094 5.63E-07 6.249453809 0.421234275 
RF TW 8 5228 0 1 2 0.015 2.01083 0.400536 5.16E-07 6.287555711 0.119483572 
RF TW 12 27791 5320427 2 1 0.115 1.92678 0.376881 3.18E-07 6.497526448 0.755675542 
RF TW 7 37970 0 1 2 0.04 -1.96358 0.37353 1.47E-07 6.833969728 0.296113645 
RF TW 14 40658 0 1 2 0.01 2.23545 0.41177 5.67E-08 7.246337289 0.098945287 
 383 
 
RF TW 13 35051 0 2 1 0.03 -2.43235 0.40359 1.67E-09 8.776633874 0.344330204 
Irri TW 17 22224 0 1 2 0.015 1.23467 0.372435 0.000916001 3.038104052 0.045046316 
Irri TW 20 35893 0 1 2 0.015 1.23467 0.372435 0.000916001 3.038104052 0.045046316 
Irri TW 19 30669 7421389 2 1 0.445 0.890836 0.266669 0.000835953 3.077818139 0.391993177 
Irri TW 13 35079 0 2 1 0.31 0.573082 0.171054 0.000807217 3.0930097 0.14049935 
Irri TW 5 27372 0 1 2 0.18 0.658171 0.196441 0.000806739 3.093266948 0.127877412 
Irri TW 2 9905 0 2 1 0.4 0.888858 0.264541 0.00077943 3.108222882 0.379232901 
Irri TW 13 33106 140213 1 2 0.08 -0.91914 0.272475 0.000742726 3.129171373 0.12435726 
Irri TW 3 18385 706451 1 2 0.015 0.946402 0.279643 0.000713532 3.146586545 0.026467248 
Irri TW 14 38893 1366898 1 2 0.01 1.07569 0.308819 0.000495416 3.305029972 0.022910758 
Irri TW 6 32169 2755421 1 2 0.34 0.943803 0.268525 0.000440145 3.356404227 0.399774929 
Irri TW 13 34635 536347 2 1 0.34 0.667202 0.186777 0.000354005 3.450990604 0.199787139 
Irri TW 14 40853 0 1 2 0.025 1.20352 0.331513 0.000283009 3.548199753 0.070612444 
Irri TW 5 27484 0 1 2 0.15 -0.903795 0.242694 0.000196087 3.707551198 0.208295578 
Irri TW 12 29794 0 1 2 0.01 1.26994 0.340311 0.000190195 3.720800904 0.031932403 
Irri TW 19 30624 2131474 1 2 0.25 -0.371948 0.0982158 0.000152447 3.816881118 0.051879493 
Irri TW 1 2219 0 1 2 0.05 -0.94533 0.248848 0.000145387 3.837474425 0.084896637 
Irri TW 8 4870 1059376 1 2 0.05 -0.94533 0.248848 0.000145387 3.837474425 0.084896637 
Irri TW 5 26894 190510 1 2 0.44 -1.05904 0.277881 0.000138335 3.859067926 0.552707588 
Irri TW 19 30635 2852547 1 2 0.28 -0.993312 0.259958 0.000132886 3.876520771 0.397824832 
Irri TW 19 30636 2852547 1 2 0.28 -0.993312 0.259958 0.000132886 3.876520771 0.397824832 
Irri TW 14 40110 447574 1 2 0.295 1.00844 0.259887 0.000104329 3.981594955 0.423000866 
Irri TW 3 17545 6909006 2 1 0.015 1.19138 0.304566 9.16E-05 4.03792582 0.041942865 
Irri TW 4 23854 0 2 1 0.015 1.0218 0.249865 4.32E-05 4.364048031 0.030852423 
Irri TW 19 30665 553503 2 1 0.235 -1.21003 0.291882 3.39E-05 4.469911772 0.526443259 
Irri TW 10 21002 0 2 1 0.025 -1.39561 0.333835 2.91E-05 4.53637125 0.094951705 
Irri TW 12 30189 0 1 2 0.01 1.22213 0.288733 2.31E-05 4.636636259 0.029573314 
Irri TW 3 18934 0 1 2 0.01 1.24275 0.292389 2.13E-05 4.670683495 0.030579666 
Irri TW 10 19264 907214 1 2 0.025 1.35919 0.29696 4.72E-06 5.326358983 0.090060626 
Irri TW 1 1916 0 1 2 0.08 -1.66668 0.337658 7.97E-07 6.098325947 0.408895431 
Irri TW 5 27345 0 1 2 0.335 1.56688 0.310185 4.39E-07 6.358021489 1.093875568 
Irri TW 10 21235 0 2 1 0.27 1.73579 0.336557 2.50E-07 6.60153915 1.187711561 
Irri TW 1 1545 867798 2 1 0.02 1.64859 0.31525 1.70E-07 6.769522978 0.10653968 
Irri TW 9 10098 1322423 2 1 0.47 -1.68295 0.315609 9.69E-08 7.013552541 1.411062174 
Irri TW 6 32828 0 1 2 0.02 1.57961 0.292387 6.57E-08 7.182211922 0.097810576 
Irri TW 12 27791 5320427 2 1 0.115 2.09357 0.377419 2.91E-08 7.536853863 0.892166844 
Irri TW 3 18596 2639060 1 2 0.435 -0.994008 0.178972 2.79E-08 7.554039479 0.485676913 
Irri TW 1 1313 1046813 1 2 0.16 1.539 0.268301 9.69E-09 8.013736733 0.636658445 
Irri TW 7 37970 0 1 2 0.04 -2.18171 0.373915 5.39E-09 8.268693336 0.365557135 
Irri TW 14 40658 0 1 2 0.01 2.50234 0.413689 1.46E-09 8.83598936 0.123981768 
Irri TW 8 5228 0 1 2 0.015 2.49026 0.401907 5.79E-10 9.237540514 0.183251218 
Irri TW 13 35051 0 2 1 0.03 -2.63552 0.405009 7.65E-11 10.11627215 0.404255202 
RF WUEGrain 10 21437 0 1 2 0.43 0.120139 0.0357045 0.000765921 3.115816023 0.007075243 
RF WUEGrain 3 18468 255407 2 1 0.24 0.138583 0.041182 0.00076507 3.116298827 0.007006074 
RF WUEGrain 8 6291 0 2 1 0.02 0.167942 0.0478277 0.000445769 3.350890137 0.001105617 
RF WUEGrain 16 15711 378044 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 15716 665209 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 15843 16749535 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 15856 20617582 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
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RF WUEGrain 16 16423 14654 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 16427 205667 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 16429 366040 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 16431 367331 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 16 16432 481251 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 17 21928 24470969 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37698 1778777 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37699 1779198 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37700 1779249 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37701 1779847 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37702 1781089 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37704 1781181 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37705 1781838 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37707 1785179 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37708 1785179 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37709 1785211 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37710 1785307 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37711 1785422 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37712 1785463 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37713 1785561 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37714 1785653 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37715 1785761 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37747 657666 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 37749 658580 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 38221 0 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 38340 0 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 7 38501 0 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 39199 10652086 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 40087 329175 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 40092 37056 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 40096 41058 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 40108 598839 1 2 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 14 40689 0 2 1 0.01 0.489158 0.132541 0.000223706 3.650322368 0.004737656 
RF WUEGrain 12 29203 434814 1 2 0.01 0.290609 0.0758693 0.000127938 3.893000443 0.001672181 
RF WUEGrain 12 30034 0 2 1 0.04 0.124574 0.0322631 0.000112837 3.947548469 0.001191835 
RF WUEGrain 8 2531 763007 1 2 0.02 0.280463 0.0665894 2.53E-05 4.596351094 0.003083452 
Irri WUEGrain 8 4166 9721207 2 1 0.375 0.172927 0.0524517 0.000977646 3.009818372 0.014017382 
Irri WUEGrain 17 22342 0 1 2 0.01 -0.621654 0.187204 0.000897801 3.046819915 0.007651783 
Irri WUEGrain 14 38688 1153224 1 2 0.095 -0.587215 0.174386 0.000759016 3.119749069 0.059292049 
Irri WUEGrain 14 38689 1153482 1 2 0.095 -0.587215 0.174386 0.000759016 3.119749069 0.059292049 
Irri WUEGrain 14 40699 0 1 2 0.095 -0.587215 0.174386 0.000759016 3.119749069 0.059292049 
Irri WUEGrain 14 38685 938870 1 2 0.06 -0.692124 0.202299 0.000623242 3.205343287 0.054035219 
Irri WUEGrain 8 6073 0 1 2 0.035 0.381395 0.110203 0.000538487 3.268824777 0.009825968 
Irri WUEGrain 11 25293 0 2 1 0.015 0.551677 0.154993 0.000371752 3.429746686 0.008993469 
Irri WUEGrain 13 33326 1088317 1 2 0.195 -0.539378 0.149654 0.00031315 3.504247584 0.091337042 
Irri WUEGrain 6 32612 0 1 2 0.01 -0.813055 0.208678 9.77E-05 4.010062765 0.013088957 
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Note: Chr, chromosomes; bp, base pairs; freq, frequency; b, gene effects; se, standard error; p, P value; MP, manhattan scored (-logP); % variation, locus explained variation 
on specific trait; Irri, irrigation; RF, rainfed; GPC, grain protein content; GY, grain yield; HD, heading days; PH, plant height; TKW, thousand kernel weight; TW, test 
weight; WUEGrain, grain water use efficiency.  
Table 2: List of SNPs significantly associated with various traits across the year 
Year Traits Chr SNP order bp A1 A2 Freq b se p MP % variation 
2014 CCI Heading 1 1715 95637 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 179 980377 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 229 1010932 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 1691 2266970 2 1 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 518 5755882 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 1058 16316834 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 1089 19713625 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 1 223 1009483 1 2 0.0552764 1.44248 0.433628 0.000879316 3.055855024 0.217317206 
2014 CCI Heading 1 135 946064 1 2 0.0603015 1.3221 0.391908 0.000742198 3.12948022 0.198095794 
2014 CCI Heading 1 1742 703055 2 1 0.0653266 1.28316 0.396008 0.0011943 2.922886568 0.201067353 
2014 CCI Heading 1 1664 200992 2 1 0.190955 1.11669 0.333485 0.000812402 3.090229016 0.385299959 
2014 CCI Heading 1 1665 201034 2 1 0.190955 1.11669 0.333485 0.000812402 3.090229016 0.385299959 
2014 CCI Heading 1 1171 9396823 2 1 0.422111 0.966771 0.29494 0.00104599 2.980472467 0.455982654 
2015 CCI milky stage 1 1545 867798 2 1 0.020202 1.47076 0.413767 0.000378609 3.421809067 0.085633665 
2013 Grain Moisture 1 55 650429 1 2 0.029661 0.0161724 0.00332052 1.1135E-06 5.953309779 1.50553E-05 
2013 Grain Moisture 1 588 13796316 1 2 0.0402542 0.00977211 0.00278404 0.000448018 3.348704537 7.3786E-06 
2013 Grain Moisture 1 1758 2010975 2 1 0.182203 0.00806341 0.0024385 0.000943992 3.025031686 1.93762E-05 
2013 Grain Moisture 1 100 367853 1 2 0.095339 0.00643266 0.00188765 0.000654974 3.18377594 7.13785E-06 
2013 Grain Protein 1 674 7912846 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 1 135 946064 1 2 0.0550847 0.733507 0.212811 0.000567363 3.24613899 0.05600959 
2013 Grain Protein 1 468 3545759 1 2 0.25 0.584596 0.146528 6.61668E-05 4.179359868 0.128157181 
2014 Grain Protein 1 1670 202655 2 1 0.286432 0.44943 0.115434 9.88473E-05 4.005035189 0.082567857 
2015 Grain Test Weight 1 1545 867798 2 1 0.020202 1.3544 0.270936 5.7641E-07 6.239268493 0.072619759 
2015 Grain Test Weight 1 1313 1046813 1 2 0.151515 0.905207 0.233557 0.0001063 3.973466735 0.210681112 
2015 Grain WUE 1 297 4775185 1 2 0.0808081 0.195241 0.0561226 0.00050362 3.297897031 0.005662825 
2015 Heading days 1 439 15329550 2 1 0.0656566 1.19877 0.324395 0.000219543 3.658480406 0.176313935 
2015 Heading days 1 766 6711662 1 2 0.156566 1.18849 0.354211 0.000792771 3.100852245 0.373052212 
2013 Heading days 1 610 9071298 2 1 0.241525 1.00167 0.273107 0.000244765 3.611250684 0.367606084 
2013 Heading days 1 1757 2010910 2 1 0.417373 -0.644195 0.160533 5.99878E-05 4.221937065 0.20182718 
2013 Heading days 1 674 7912846 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 1 1529 1295695 2 1 0.220339 -0.00250697 0.000726041 0.000554533 3.256072604 2.15936E-06 
2013 NDVI Booting 1 328 2262130 2 1 0.0233051 -0.00337499 0.00095733 0.000422809 3.373855777 5.18543E-07 
2013 NDVI Booting 1 157 400352 2 1 0.245763 -0.00406368 0.00102993 7.96E-05 4.099083659 6.122E-06 
2013 NDVI GF 1 1545 867798 2 1 0.0169492 -0.00790065 0.00232241 0.000669127 3.174491446 2.08008E-06 
2014 NDVI Heading 1 1756 1791512 1 2 0.115578 -0.00188321 0.000535901 0.000441256 3.355309376 7.2504E-07 
2014 NDVI Heading days 1 439 15329550 2 1 0.0653266 1.16843 0.286642 4.57616E-05 4.339498799 0.166719091 
2014 NDVI Heading days 1 1129 4914737 2 1 0.467337 -1.7541 0.514168 0.000645982 3.189779583 1.531868162 
2013 Plant Height 1 184 1090573 1 2 0.245763 -2.63373 0.662983 7.11081E-05 4.148080926 2.571560997 
2015 Plant Height 1 1313 1046813 1 2 0.151515 -2.90913 0.734373 0.000074516 4.127750466 2.175985779 
2015 Plant Height 1 1132 4998231 1 2 0.459596 -2.96564 0.899174 0.000973122 3.011832709 4.368794858 
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2015 Plant Height 1 1133 5000814 1 2 0.459596 -2.96564 0.899174 0.000973122 3.011832709 4.368794858 
2015 Plant Height 1 1545 867798 2 1 0.020202 -3.16726 0.856426 0.000217109 3.663322173 0.39712602 
2013 Screening 1 437 15319094 2 1 0.0487288 1.08493 0.265859 0.000044876 4.347985861 0.109124809 
2013 Screening 1 1310 1037535 1 2 0.0508475 0.946389 0.256631 0.000226254 3.645403734 0.086451984 
2015 Screening 1 439 15329550 2 1 0.0656566 0.79623 0.179952 9.65886E-06 5.015074129 0.077784306 
2015 Screening 1 766 6711662 1 2 0.156566 0.742587 0.183934 5.40813E-05 4.266952877 0.145637508 
2013 Screening 1 86 1502966 1 2 0.302966 -0.313573 0.0880173 0.00036715 3.435156467 0.041529354 
2013 Screening 1 1316 1409726 1 2 0.146186 -0.436914 0.129881 0.000768369 3.114430165 0.04765308 
2013 TKW 1 134 848762 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 1 906 2134953 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 1 900 3177467 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 1 847 8063734 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 1 1715 95637 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 1 179 980377 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 1 223 1009483 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 1 1058 16316834 1 2 0.0550847 4.2641 1.11495 0.000131044 3.882582859 1.892816998 
2013 TKW 1 1089 19713625 1 2 0.0550847 4.2641 1.11495 0.000131044 3.882582859 1.892816998 
2013 TKW 1 135 946064 1 2 0.0550847 4.15782 1.09679 0.000150099 3.823622201 1.799638325 
2013 TKW 1 1048 11925221 2 1 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1049 12898830 2 1 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1050 12900011 2 1 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1051 12900062 2 1 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1052 12918945 1 2 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1053 13528172 1 2 0.438559 3.72307 0.854803 1.32779E-05 4.876870606 6.825972771 
2013 TKW 1 1310 1037535 1 2 0.0508475 3.41957 0.738554 3.65515E-06 5.437094796 1.128700177 
2013 TKW 1 437 15319094 2 1 0.0487288 3.37359 0.759972 9.0334E-06 5.044148759 1.055126819 
2013 TKW 1 1171 9396823 2 1 0.317797 3.0712 0.813075 0.000158565 3.799792668 4.089871018 
2013 TKW 1 1195 401051 1 2 0.349576 2.48159 0.681332 0.00027025 3.568234297 2.800452579 
2013 TKW 1 1202 408853 1 2 0.349576 2.48159 0.681332 0.00027025 3.568234297 2.800452579 
2013 TKW 1 358 17972753 2 1 0.0423729 2.01878 0.531128 0.000144157 3.841164264 0.330744475 
2014 TKW 1 1603 5107860 2 1 0.346734 0.743415 0.219919 0.000723818 3.140370621 0.250368173 
2014 TKW 1 1227 2896848 2 1 0.442211 -1.07242 0.258751 3.40417E-05 4.46798876 0.567360755 
2013 TKW 1 1190 552793 2 1 0.199153 -3.69306 1.03422 0.000355808 3.448784291 4.350499557 
2015 Yield 1 297 4775185 1 2 0.0808081 0.0536101 0.0153617 0.000483266 3.315813758 0.000426957 
2014 CCI anthesis 2 9195 1026034 1 2 0.0150754 1.28976 0.333075 0.00010783 3.967260395 0.049399168 
2014 CCI Heading 2 8871 2402821 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2013 Grain Moisture 2 7788 962158 1 2 0.0423729 0.0220037 0.00360862 1.07716E-09 8.967719782 3.92922E-05 
2013 Grain Protein 2 9098 693244 2 1 0.213983 0.81231 0.21386 0.000145678 3.83660603 0.221965157 
2013 Grain Protein 2 9119 776967 1 2 0.216102 0.712185 0.199361 0.000353796 3.451247082 0.171843846 
2013 Grain Protein 2 9120 776967 1 2 0.216102 0.712185 0.199361 0.000353796 3.451247082 0.171843846 
2013 Grain Protein 2 9139 959673 1 2 0.216102 0.712185 0.199361 0.000353796 3.451247082 0.171843846 
2013 Grain Protein 2 9051 7750976 2 1 0.209746 0.688991 0.176396 9.38604E-05 4.027517599 0.157368383 
2015 Grain Protein 2 9089 14833884 2 1 0.247475 0.496942 0.106834 3.29468E-06 5.48218676 0.091980056 
2013 Grain Protein 2 8743 6527057 1 2 0.0360169 0.445161 0.13075 0.000662445 3.178850174 0.013760682 
2014 Grain Protein 2 9260 5058282 2 1 0.256281 0.429767 0.109955 9.28502E-05 4.032217156 0.070407903 
2013 Grain Protein 2 8004 478615 2 1 0.489407 0.205424 0.0597751 0.000589043 3.229853001 0.021090039 
2015 Grain Protein 2 9195 1026034 1 2 0.0151515 -0.307211 0.0942443 0.00111516 2.952662817 0.002816622 
2014 Grain Protein 2 7827 2721843 2 1 0.0201005 -0.391821 0.107799 0.000278277 3.555522687 0.00604775 
2014 Grain Protein 2 8939 7473398 2 1 0.251256 -0.456683 0.116019 8.27494E-05 4.082235147 0.078471053 
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2014 Grain Protein 2 7859 623786 1 2 0.0150754 -0.632643 0.13885 5.20609E-06 5.283488328 0.011885549 
2015 Grain Test Weight 2 9089 14833884 2 1 0.247475 -1.11271 0.297507 0.000183935 3.735335623 0.461154279 
2015 Grain WUE 2 7803 926346 2 1 0.010101 0.624162 0.187754 0.000886182 3.052477076 0.007790761 
2015 Grain WUE 2 7826 2721825 2 1 0.010101 0.624162 0.187754 0.000886182 3.052477076 0.007790761 
2014 Grain WUE 2 8875 3380329 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2013 Ground Cover rate 2 9233 755698 2 1 0.419492 0.173356 0.0493031 0.000437892 3.358632989 0.014636581 
2013 Ground Cover rate 2 9204 1609646 2 1 0.360169 0.147175 0.0427189 0.000570653 3.243627895 0.009983198 
2013 Ground Cover rate 2 9236 758093 1 2 0.398305 0.141643 0.0427074 0.000911219 3.040377233 0.009616397 
2015 Heading days 2 9089 14833884 2 1 0.247475 3.22637 0.583764 3.26056E-08 7.486707804 3.877132138 
2015 Heading days 2 8745 235088 2 1 0.030303 1.32604 0.360738 0.000236998 3.625255319 0.103339159 
2013 Heading days 2 7789 962181 1 2 0.375 -1.17578 0.314924 0.000188804 3.723988809 0.648027473 
2013 Heading days 2 7722 27650 1 2 0.275424 -1.73514 0.446987 0.000103664 3.984372037 1.201668744 
2013 Heading days 2 9142 959955 1 2 0.21822 -2.09181 0.640743 0.00109596 2.960205296 1.492978565 
2013 Heading days 2 9098 693244 2 1 0.213983 -2.40124 0.711404 0.000737219 3.13240348 1.939600758 
2013 NDVI Booting 2 7748 2315300 2 1 0.103814 -0.00396319 0.00124922 0.00151116 2.820689551 2.92263E-06 
2013 NDVI GF 2 8764 3529524 1 2 0.205508 -0.00807058 0.00250364 0.00126617 2.897507981 2.12695E-05 
2013 NDVI GF 2 8765 4346051 1 2 0.205508 -0.00807058 0.00250364 0.00126617 2.897507981 2.12695E-05 
2013 NDVI GF 2 8766 4346203 1 2 0.205508 -0.00807058 0.00250364 0.00126617 2.897507981 2.12695E-05 
2014 NDVI Heading days 2 7859 623786 1 2 0.0150754 2.66899 0.74729 0.000354859 3.449944176 0.211541567 
2014 NDVI Heading days 2 9089 14833884 2 1 0.251256 2.11757 0.510475 3.35052E-05 4.474887785 1.6871564 
2014 NDVI Heading days 2 9260 5058282 2 1 0.256281 -2.1654 0.592546 0.000257786 3.588740672 1.787440307 
2014 NDVI Heading days 2 9051 7750976 2 1 0.165829 -2.48957 0.770325 0.00122995 2.910112543 1.714724089 
2015 Plant Height 2 7869 1282075 2 1 0.020202 2.65918 0.810694 0.00103761 2.983965851 0.279934472 
2015 Plant Height 2 9095 553274 1 2 0.318182 0.915572 0.241315 0.000148187 3.829189894 0.363713207 
2013 Plant Height 2 8999 399930 2 1 0.20339 -1.73316 0.50483 0.000596608 3.224310927 0.973380542 
2013 Plant Height 2 8551 18572544 2 1 0.0868644 -1.7332 0.515524 0.000773729 3.111411125 0.47654559 
2013 Plant Height 2 9001 389667 1 2 0.0105932 -1.80573 0.546024 0.000942827 3.025567989 0.068349869 
2013 Plant Height 2 8738 2036888 1 2 0.0275424 -2.12587 0.59892 0.000385969 3.413447575 0.242089447 
2013 Plant Height 2 8739 2055761 1 2 0.0275424 -2.12587 0.59892 0.000385969 3.413447575 0.242089447 
2015 Plant Height 2 8759 3137001 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 2 9089 14833884 2 1 0.247475 1.71529 0.263062 7.00928E-11 10.15432659 1.095865797 
2013 Screening 2 7932 4808 2 1 0.0508475 1.05067 0.307904 0.000644088 3.191054792 0.106553633 
2015 Screening 2 8745 235088 2 1 0.030303 0.925667 0.187797 8.26124E-07 6.082954761 0.050357161 
2015 Screening 2 7798 91956 2 1 0.030303 0.724185 0.201176 0.000318516 3.496868747 0.030821284 
2013 TKW 2 8798 5935929 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 2 7932 4808 2 1 0.0508475 4.72768 0.868714 5.26378E-08 7.27870227 2.157405307 
2013 TKW 2 8019 2614497 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 2 8875 3380329 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 2 9051 7750976 2 1 0.209746 3.1388 0.917139 0.000620743 3.207088169 3.266011229 
2013 TKW 2 9070 11279811 2 1 0.387712 3.05241 0.808866 0.000160847 3.793587035 4.423649631 
2013 TKW 2 9089 14833884 2 1 0.199153 -1.90805 0.569384 0.000804993 3.094207896 1.161303952 
2015 TKW 2 9089 14833884 2 1 0.247475 -3.48461 0.762117 4.82441E-06 5.316555791 4.522625408 
2015 Yield 2 7803 926346 2 1 0.010101 0.168451 0.0520143 0.00120135 2.920330447 0.000567456 
2015 Yield 2 7826 2721825 2 1 0.010101 0.168451 0.0520143 0.00120135 2.920330447 0.000567456 
2013 Yield 2 8004 478615 2 1 0.489407 -0.103621 0.0302267 0.000607772 3.216259312 0.005366246 
2014 Yield 2 8019 2614497 1 2 0.0552764 -0.221631 0.0662594 0.00082311 3.084542122 0.005130214 
2014 Yield 2 8875 3380329 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2013 Yield 2 8638 87517 1 2 0.0487288 -0.288222 0.0680526 2.28261E-05 4.641568284 0.007701482 
2013 CT Flowering 3 17292 259058 2 1 0.0233051 0.0194988 0.00567946 0.000596482 3.224402657 1.73083E-05 
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2013 Grain Moisture 3 18254 44536 2 1 0.0190678 0.0228726 0.00380588 1.85756E-09 8.731057149 1.95704E-05 
2013 Grain Moisture 3 17327 2123454 1 2 0.455508 0.0159283 0.00366551 0.000013898 4.857047693 0.000125851 
2013 Grain Moisture 3 17463 52865 2 1 0.101695 0.0147107 0.00306791 1.62657E-06 5.788727242 3.95385E-05 
2013 Grain Protein 3 18511 711537 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18530 2834870 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18283 4685838 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18284 4692374 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18285 4700581 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18286 4700761 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18287 4700918 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18288 4932760 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18289 4932820 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18290 4932881 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18292 4933189 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18293 4934056 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18294 5045283 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18295 5049828 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18297 5191453 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18298 5332605 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 3 18281 1989769 1 2 0.207627 0.94592 0.199096 2.02335E-06 5.693928986 0.294409832 
2013 Grain Protein 3 17610 484138 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 3 17612 1912460 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 3 18060 4822628 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2014 Grain Protein 3 18596 2639060 1 2 0.432161 0.211103 0.0501842 2.59288E-05 4.586217582 0.021872055 
2015 Grain Protein 3 18468 255407 2 1 0.242424 -0.285694 0.0678426 2.54098E-05 4.594998753 0.029980168 
2014 Grain Protein 3 18542 254191 1 2 0.321608 -0.41415 0.118087 0.000452935 3.343964118 0.074843293 
2015 Grain Test Weight 3 18407 4601172 1 2 0.30303 0.771712 0.220598 0.000468272 3.32950181 0.251559205 
2015 Grain Test Weight 3 18596 2639060 1 2 0.429293 -0.689867 0.154096 7.57512E-06 5.120610483 0.233199569 
2015 Grain WUE 3 18468 255407 2 1 0.242424 0.39498 0.10405 0.000147022 3.832617674 0.057303616 
2013 Heading days 3 18282 1989769 1 2 0.205508 -2.16559 0.554811 9.48964E-05 4.022750263 1.531442628 
2013 Heading days 3 18281 1989769 1 2 0.207627 -2.63197 0.680111 0.000108877 3.963063854 2.279320322 
2013 Heading days 3 17218 1893448 2 1 0.154661 -2.70064 0.627487 1.67819E-05 4.775158871 1.907107205 
2013 Heading days 3 18511 711537 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18530 2834870 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18283 4685838 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18284 4692374 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18285 4700581 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18286 4700761 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18287 4700918 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18288 4932760 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18289 4932820 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18290 4932881 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18292 4933189 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18293 4934056 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18294 5045283 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18295 5049828 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18297 5191453 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 3 18298 5332605 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 3 18254 44536 2 1 0.0190678 0.00357529 0.00106018 0.000745307 3.1276648 4.78181E-07 
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2014 NDVI Heading days 3 18542 254191 1 2 0.321608 2.06803 0.636269 0.00115303 2.938159393 1.866170096 
2015 Plant Height 3 18242 904132 1 2 0.227273 4.40225 1.23971 0.000383714 3.415992355 6.806962089 
2015 Plant Height 3 18140 2521878 1 2 0.227273 4.40225 1.23971 0.000383714 3.415992355 6.806962089 
2015 Plant Height 3 18142 2523081 1 2 0.227273 4.40225 1.23971 0.000383714 3.415992355 6.806962089 
2015 Plant Height 3 18468 255407 2 1 0.242424 1.97015 0.585125 0.000759758 3.119324718 1.425707395 
2015 Plant Height 3 17119 174322 2 1 0.444444 -1.31447 0.375233 0.000459903 3.337333757 0.853249894 
2015 Plant Height 3 17545 6909006 2 1 0.0151515 -2.76333 0.814034 0.000687261 3.1628783 0.227887528 
2015 Plant Height 3 17329 1104831 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 3 17635 6007189 2 1 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 3 17739 20655907 2 1 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 3 17463 52865 2 1 0.136364 0.472307 0.135746 0.000502629 3.298752458 0.052542318 
2015 Screening 3 17226 1901500 2 1 0.131313 -0.772091 0.229461 0.000765997 3.115772931 0.135999722 
2015 Screening 3 18468 255407 2 1 0.242424 -1.0892 0.199487 4.76095E-08 7.32230638 0.435759718 
2013 TKW 3 17681 2387601 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 3 17809 4581370 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 3 17973 13632195 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 3 17974 13633609 2 1 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 3 18291 4932991 1 2 0.0466102 4.42661 0.699301 2.45069E-10 9.610711621 1.74150203 
2013 TKW 3 17584 100235 1 2 0.239407 -1.30384 0.35204 0.000212492 3.672657416 0.619109924 
2013 TKW 3 17818 5029416 2 1 0.483051 -1.73862 0.521071 0.000848002 3.071603123 1.509663041 
2015 Yield 3 18468 255407 2 1 0.242424 0.11011 0.0286632 0.000122283 3.912633915 0.004453335 
2014 CCI anthesis 4 23221 1413173 1 2 0.271357 1.3395 0.380105 0.000425039 3.371571219 0.709530809 
2014 CCI Heading 4 23094 150703 1 2 0.125628 0.359946 0.104622 0.00058073 3.236025738 0.02846344 
2014 CCI Heading 4 22939 12898669 1 2 0.472362 -0.591027 0.16238 0.000272866 3.564050575 0.174122806 
2015 CCI milky stage 4 23201 4047366 2 1 0.419192 -0.932316 0.283067 0.000989051 3.004781314 0.423254755 
2013 Grain Moisture 4 23485 1546298 1 2 0.0190678 0.0175156 0.00390457 7.26002E-06 5.139062183 1.14768E-05 
2013 Grain Protein 4 22514 3381285 2 1 0.389831 0.54207 0.157962 0.000599935 3.221895801 0.139787151 
2014 Grain Protein 4 22771 15590308 1 2 0.226131 0.276237 0.0773856 0.000357494 3.446731243 0.026706763 
2014 Grain Protein 4 22939 12898669 1 2 0.472362 -0.178133 0.0545573 0.00109441 2.960819947 0.015817206 
2013 Grain Protein 4 22616 2478864 2 1 0.213983 -0.217644 0.065785 0.000938255 3.027679113 0.015934359 
2013 Grain Protein 4 22630 3092984 2 1 0.415254 -0.225327 0.0599261 0.000169858 3.769913994 0.024656847 
2013 Grain Protein 4 22622 4366125 1 2 0.415254 -0.2258 0.0657721 0.000596796 3.224174096 0.024760474 
2013 Grain Protein 4 22642 2500371 1 2 0.413136 -0.235884 0.0660214 0.000353137 3.452056777 0.026980965 
2013 Grain Protein 4 22621 4366037 1 2 0.413136 -0.235884 0.0660214 0.000353137 3.452056777 0.026980965 
2013 Grain Protein 4 22623 4598327 1 2 0.413136 -0.235884 0.0660214 0.000353137 3.452056777 0.026980965 
2013 Grain Protein 4 22641 2476874 2 1 0.408898 -0.238313 0.0683475 0.000488849 3.310825269 0.027453826 
2013 Grain Protein 4 22629 402185 2 1 0.21822 -0.239562 0.0679207 0.000420158 3.376587363 0.019581455 
2013 Grain Protein 4 22591 9518742 1 2 0.0317797 -0.27274 0.0729275 0.000184113 3.734915545 0.004577746 
2013 Grain Protein 4 22593 9519445 1 2 0.0317797 -0.27274 0.0729275 0.000184113 3.734915545 0.004577746 
2015 Grain Protein 4 23270 133089 1 2 0.464646 -0.504499 0.107815 2.87838E-06 5.540851872 0.126623371 
2013 Grain Test weight 4 23560 2061676 2 1 0.230932 0.703129 0.199421 0.000422138 3.374545552 0.175609851 
2014 Grain WUE 4 23492 1758921 1 2 0.110553 -0.453868 0.105096 1.57021E-05 4.804042261 0.040511631 
2013 Ground Cover rate 4 22939 12898669 1 2 0.434322 -0.137198 0.0398435 0.000574374 3.240805227 0.009249253 
2013 Heading days 4 23311 145453 2 1 0.430085 0.866228 0.266414 0.00114823 2.93997111 0.367839882 
2013 Heading days 4 23381 116613 1 2 0.158898 -0.554837 0.161797 0.000605334 3.218004932 0.082286373 
2015 Heading days 4 23270 133089 1 2 0.464646 -2.856 0.588899 1.23629E-06 5.907879644 4.057977705 
2013 NDVI GF 4 23160 92525 1 2 0.254237 -0.0023974 0.000713606 0.000780691 3.107520827 2.17947E-06 
2013 NDVI GF 4 22753 7739197 1 2 0.0148305 -0.00782277 0.00217098 0.000314155 3.502856024 1.78821E-06 
2014 NDVI Heading days 4 23270 133089 1 2 0.467337 -1.83547 0.520756 0.000424101 3.372530704 1.677286586 
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2015 Screening 4 23267 711702 1 2 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 4 23066 864019 1 2 0.257576 0.591285 0.166223 0.000374863 3.426127424 0.133715304 
2013 Screening 4 22591 9518742 1 2 0.0317797 0.538153 0.124635 1.57573E-05 4.802518196 0.017822372 
2013 Screening 4 22593 9519445 1 2 0.0317797 0.538153 0.124635 1.57573E-05 4.802518196 0.017822372 
2013 Screening 4 22641 2476874 2 1 0.408898 0.499461 0.116055 1.67999E-05 4.774693303 0.1205898 
2013 Screening 4 22629 402185 2 1 0.21822 0.493209 0.115517 1.95849E-05 4.708078642 0.082998662 
2013 Screening 4 22627 2206409 2 1 0.220339 0.480906 0.114899 2.84594E-05 4.54577426 0.079459819 
2013 Screening 4 22642 2500371 1 2 0.413136 0.471711 0.112154 2.60046E-05 4.584949822 0.107897781 
2013 Screening 4 22621 4366037 1 2 0.413136 0.471711 0.112154 2.60046E-05 4.584949822 0.107897781 
2013 Screening 4 22623 4598327 1 2 0.413136 0.471711 0.112154 2.60046E-05 4.584949822 0.107897781 
2013 Screening 4 22616 2478864 2 1 0.213983 0.467314 0.111913 2.97107E-05 4.527087116 0.073461331 
2013 Screening 4 22622 4366125 1 2 0.415254 0.456771 0.111708 4.33276E-05 4.363235367 0.10132302 
2013 Screening 4 22596 11231877 2 1 0.444915 0.437882 0.114739 0.000135441 3.868249848 0.094706704 
2013 Screening 4 22598 11667653 2 1 0.444915 0.437882 0.114739 0.000135441 3.868249848 0.094706704 
2013 Screening 4 22599 11667781 1 2 0.444915 0.437882 0.114739 0.000135441 3.868249848 0.094706704 
2013 Screening 4 22600 11668308 1 2 0.444915 0.437882 0.114739 0.000135441 3.868249848 0.094706704 
2013 Screening 4 22601 12683682 1 2 0.444915 0.437882 0.114739 0.000135441 3.868249848 0.094706704 
2013 Screening 4 22615 2478469 1 2 0.213983 0.433069 0.112762 0.000122752 3.910971423 0.063089255 
2013 Screening 4 22604 12740669 2 1 0.447034 0.432429 0.110839 9.56362E-05 4.019377688 0.09244823 
2013 Screening 4 22628 2206959 1 2 0.213983 0.414079 0.108916 0.000143645 3.842709486 0.057677658 
2013 Screening 4 22597 11667653 2 1 0.444915 0.404701 0.106035 0.000135262 3.868824195 0.080897498 
2013 Screening 4 22630 3092984 2 1 0.415254 0.39443 0.101862 0.000107863 3.967127505 0.075552869 
2013 Screening 4 22625 1890998 2 1 0.216102 0.388171 0.102324 0.000148499 3.828276471 0.051049855 
2013 Screening 4 22594 11072064 1 2 0.360169 -0.366475 0.105859 0.000536332 3.27056629 0.061899952 
2015 Screening 4 23270 133089 1 2 0.464646 -1.36587 0.264137 2.32755E-07 6.633100981 0.92813678 
2013 TKW 4 22514 3381285 2 1 0.389831 3.26192 0.832766 8.96664E-05 4.047370266 5.061778281 
2015 TKW 4 23270 133089 1 2 0.464646 3.23622 0.766189 0.000024023 4.619372759 5.210379128 
2013 TKW 4 23560 2061676 2 1 0.230932 2.02735 0.556744 0.000271118 3.566841648 1.4599444 
2013 Yield 4 23440 1128810 2 1 0.322034 0.109871 0.0314069 0.000468199 3.329569518 0.005271155 
2014 Yield 4 23492 1758921 1 2 0.110553 -0.104261 0.0250279 3.10246E-05 4.508293809 0.002137787 
2013 Yield 4 23314 426676 1 2 0.341102 -0.169984 0.0404315 0.000026195 4.581781597 0.012988187 
2014 CCI anthesis 5 25700 1540577 1 2 0.0100503 1.32005 0.348973 0.000155163 3.809211832 0.034673918 
2015 CCI milky stage 5 27129 588930 2 1 0.141414 0.988077 0.295323 0.000820615 3.085860549 0.237076106 
2015 CCI milky stage 5 26934 1449029 1 2 0.0757576 -1.15897 0.350016 0.000928956 3.032004856 0.188098997 
2013 CT Booting 5 27073 188864 1 2 0.0190678 0.0360789 0.0110442 0.00108775 2.963470908 4.86941E-05 
2013 Grain Moisture 5 26007 20566678 1 2 0.0211864 0.0208753 0.00388509 7.73546E-08 7.111513855 1.80739E-05 
2013 Grain Moisture 5 26523 2750596 1 2 0.0338983 0.0108405 0.00289241 0.0001783 3.748848657 7.69714E-06 
2013 Grain Moisture 5 26940 1154381 2 1 0.400424 0.00848891 0.0024979 0.000677779 3.168911891 3.46018E-05 
2013 Grain Moisture 5 26939 2543000 2 1 0.345339 0.00820565 0.0024846 0.000957909 3.018675746 3.04451E-05 
2013 Grain Protein 5 26535 200229 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 5 26536 311437 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 5 26623 1947259 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 5 26624 2169206 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 5 27033 3284500 2 1 0.387712 0.858811 0.181721 2.29006E-06 5.640153139 0.350179069 
2013 Grain Protein 5 26872 2911622 2 1 0.209746 0.775478 0.188528 3.89996E-05 4.408939847 0.199356017 
2013 Grain Protein 5 26876 3514485 2 1 0.209746 0.775478 0.188528 3.89996E-05 4.408939847 0.199356017 
2013 Grain Protein 5 25825 12402893 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2015 Grain Protein 5 27036 3693369 2 1 0.378788 0.47576 0.0995632 1.76629E-06 5.75293799 0.106522634 
2015 Grain Protein 5 26134 1259092 2 1 0.0505051 0.171286 0.0521369 0.00101867 2.991966484 0.002813854 
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2015 Grain Protein 5 26771 3463499 1 2 0.479798 -0.171328 0.0485204 0.000413911 3.383093032 0.014652682 
2015 Grain Test Weight 5 25773 6004359 1 2 0.010101 0.84655 0.251702 0.000770154 3.113422425 0.014331461 
2015 Grain Test Weight 5 26281 13754608 1 2 0.343434 0.616375 0.132367 3.21561E-06 5.492736629 0.17133327 
2015 Grain Test Weight 5 27036 3693369 2 1 0.378788 -0.994193 0.279846 0.000381377 3.418645502 0.465165446 
2014 Grain WUE 5 26475 1370186 2 1 0.261307 0.632979 0.176476 0.00033481 3.475201579 0.154676247 
2014 Grain WUE 5 26476 1370186 2 1 0.261307 0.632979 0.176476 0.00033481 3.475201579 0.154676247 
2014 Grain WUE 5 26498 2940107 2 1 0.311558 -0.681885 0.180087 0.000152834 3.81578002 0.199461249 
2014 Grain WUE 5 26497 2940105 1 2 0.316583 -0.69329 0.178846 0.000105986 3.974751498 0.207985585 
2013 Ground Cover rate 5 27073 188864 1 2 0.0190678 -0.231882 0.0652443 0.000379336 3.42097594 0.002011424 
2015 Heading days 5 27036 3693369 2 1 0.378788 2.74242 0.546876 5.31175E-07 6.274762373 3.53943531 
2015 Heading days 5 25700 1540577 1 2 0.010101 -1.90735 0.540076 0.000413012 3.38403733 0.072752185 
2013 Heading days 5 27033 3284500 2 1 0.387712 -2.26993 0.615409 0.000225591 3.646678231 2.446357459 
2013 Heading days 5 25945 1663493 2 1 0.0635593 -2.40298 0.414027 6.47812E-09 8.188551011 0.687368609 
2013 Heading days 5 26872 2911622 2 1 0.209746 -2.59589 0.643465 5.47819E-05 4.261362909 2.233896031 
2013 Heading days 5 26876 3514485 2 1 0.209746 -2.59589 0.643465 5.47819E-05 4.261362909 2.233896031 
2013 Heading days 5 26535 200229 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 5 26536 311437 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 5 26623 1947259 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 5 26624 2169206 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 5 25925 1732248 1 2 0.0211864 0.00426695 0.00101269 2.51E-05 4.599498275 7.55131E-07 
2013 NDVI Booting 5 25817 11174209 1 2 0.146186 0.00147586 0.000453956 0.00114959 2.939457023 5.43738E-07 
2013 NDVI Booting 5 25803 3481940 1 2 0.0614407 -0.00750082 0.00175449 1.91E-05 4.719082612 6.48881E-06 
2013 NDVI Flowering 5 25803 3481940 1 2 0.0614407 -0.00136639 0.000333279 4.13E-05 4.383620073 2.15326E-07 
2013 NDVI Heading 5 25803 3481940 1 2 0.0614407 -0.00136639 0.000333279 4.13E-05 4.383620073 2.15326E-07 
2014 NDVI Heading days 5 27036 3693369 2 1 0.38191 1.89438 0.490887 0.000113809 3.943823393 1.694247849 
2015 Plant Height 5 27098 1871418 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 5 27036 3693369 2 1 0.378788 1.2032 0.229551 1.59239E-07 6.797950558 0.68130518 
2015 Screening 5 26132 6173301 1 2 0.393939 0.81867 0.245784 0.00086581 3.062577402 0.320031748 
2013 Screening 5 27111 1351057 1 2 0.0423729 -0.595528 0.17715 0.000774571 3.110938767 0.028781868 
2013 Screening 5 27112 1351108 1 2 0.0423729 -0.595528 0.17715 0.000774571 3.110938767 0.028781868 
2013 TKW 5 27101 1875738 1 2 0.0508475 5.50083 0.76398 6.01107E-13 12.22104821 2.920734252 
2013 TKW 5 25737 50126 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26067 762893 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 27110 1350974 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26082 1528793 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26083 1794459 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26069 1841645 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26073 1977607 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 25744 2159540 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26084 2266965 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26075 2484496 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26085 2659721 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 25794 3182401 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 25796 3184636 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 26050 3661983 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 25961 4836333 2 1 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 25828 16288037 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 5 27075 203592 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 5 27097 1869313 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
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2013 TKW 5 26872 2911622 2 1 0.209746 3.26178 0.985369 0.000932265 3.03046062 3.52695336 
2013 TKW 5 26876 3514485 2 1 0.209746 3.26178 0.985369 0.000932265 3.03046062 3.52695336 
2015 TKW 5 27036 3693369 2 1 0.378788 -3.29531 0.736958 7.76703E-06 5.109745017 5.110443566 
2014 Yield 5 26498 2940107 2 1 0.311558 -0.144467 0.0423922 0.000654705 3.183954342 0.008953103 
2014 Yield 5 26497 2940105 1 2 0.316583 -0.148785 0.0420881 0.000407655 3.389707227 0.009579033 
2014 CCI anthesis 6 32010 5672225 2 1 0.0100503 1.21151 0.3417 0.000391829 3.406903424 0.029206274 
2014 CCI anthesis 6 31544 17132150 1 2 0.180905 -1.67589 0.378157 9.34782E-06 5.029289659 0.832349763 
2015 CCI milky stage 6 31544 17132150 1 2 0.181818 -1.91594 0.461036 3.24269E-05 4.489094568 1.092145754 
2013 Grain Moisture 6 31068 1018429 2 1 0.0360169 0.0312011 0.00450281 4.23058E-12 11.37360009 6.75998E-05 
2015 Grain Moisture 6 31122 139921 2 1 0.166667 -0.0132909 0.00370874 0.000338806 3.470048907 4.9069E-05 
2015 Grain Protein 6 31038 111368 2 1 0.19697 0.462572 0.101036 4.68788E-06 5.329023514 0.067689379 
2014 Grain Protein 6 32045 1234519 2 1 0.41206 0.335191 0.0897501 0.000187926 3.72601313 0.054438752 
2014 Grain Protein 6 31579 10168271 2 1 0.281407 -0.474729 0.123787 0.000125534 3.901238633 0.091146375 
2015 Grain Test Weight 6 32169 2755421 1 2 0.333333 1.12278 0.238484 2.50161E-06 5.601780396 0.56028191 
2015 Grain Test Weight 6 32505 106859 2 1 0.282828 0.794734 0.229635 0.000538456 3.268849779 0.256223707 
2014 Grain WUE 6 32153 1519660 1 2 0.0904523 -0.705725 0.212568 0.000900206 3.045658097 0.08194946 
2014 Grain WUE 6 32154 1519660 1 2 0.0904523 -0.705725 0.212568 0.000900206 3.045658097 0.08194946 
2014 Grain WUE 6 32156 1521715 1 2 0.0904523 -0.705725 0.212568 0.000900206 3.045658097 0.08194946 
2015 Heading days 6 31038 111368 2 1 0.19697 2.83537 0.554208 3.11958E-07 6.505903873 2.543204777 
2015 Heading days 6 31544 17132150 1 2 0.181818 2.32981 0.636329 0.000250911 3.600480299 1.614945247 
2015 Heading days 6 32010 5672225 2 1 0.010101 -1.74616 0.51591 0.000712753 3.147060946 0.060975213 
2013 NDVI GF 6 32442 245405 2 1 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32443 245405 2 1 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32444 245450 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32451 253968 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32452 257150 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32453 257165 2 1 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32458 377304 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32460 580906 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32466 610692 2 1 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32468 611857 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32469 677175 2 1 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2013 NDVI GF 6 32373 839898 1 2 0.184322 -0.0084357 0.00252901 0.00085125 3.069942875 2.13978E-05 
2014 NDVI Heading days 6 31038 111368 2 1 0.201005 2.10461 0.496791 2.27121E-05 4.643742708 1.422735529 
2014 NDVI Heading days 6 32045 1234519 2 1 0.41206 -1.64804 0.483774 0.000657724 3.181956311 1.316009301 
2015 Screening 6 31038 111368 2 1 0.19697 1.40745 0.236438 2.63717E-09 8.578861873 0.626653979 
2015 Screening 6 31544 17132150 1 2 0.181818 1.1328 0.272151 3.14901E-05 4.50182596 0.381788879 
2013 Screening 6 31567 573361 1 2 0.0508475 1.05067 0.307904 0.000644088 3.191054792 0.106553633 
2015 Screening 6 31620 3737407 2 1 0.161616 0.549216 0.160065 0.000600889 3.221205746 0.081741705 
2013 TKW 6 31734 88959 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31039 112081 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31041 113205 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31044 116086 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31788 835562 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31188 1791831 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31790 2602869 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31748 3190289 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 6 31019 231066 2 1 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 6 31030 387983 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
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2013 TKW 6 31567 573361 1 2 0.0508475 4.72768 0.868714 5.26378E-08 7.27870227 2.157405307 
2013 TKW 6 31774 3579180 1 2 0.269068 3.48412 0.73601 2.20356E-06 5.65687512 4.774800503 
2013 TKW 6 32051 2337901 1 2 0.347458 2.17902 0.524127 3.21865E-05 4.492326246 2.153095105 
2013 TKW 6 31784 228324 1 2 0.347458 -2.15409 0.480972 7.51308E-06 5.124181987 2.104110144 
2015 TKW 6 31038 111368 2 1 0.19697 -3.08883 0.740437 3.02438E-05 4.519363643 3.018212852 
2014 TKW 6 31544 17132150 1 2 0.180905 -3.49229 0.780726 7.70832E-06 5.113040265 3.614393576 
2015 TKW 6 31544 17132150 1 2 0.181818 -4.34222 0.897399 1.30711E-06 5.883687863 5.609710373 
2014 CCI Heading 7 36077 554154 1 2 0.0703518 1.23554 0.378689 0.00110369 2.957152892 0.199681331 
2014 CCI Heading 7 36080 554743 1 2 0.0703518 1.23554 0.378689 0.00110369 2.957152892 0.199681331 
2014 CCI Heading 7 36082 554882 1 2 0.0703518 1.23554 0.378689 0.00110369 2.957152892 0.199681331 
2014 CCI Heading 7 36087 557621 1 2 0.0703518 1.23554 0.378689 0.00110369 2.957152892 0.199681331 
2014 CCI Heading 7 37610 2549444 1 2 0.301508 0.839403 0.254536 0.000974524 3.011207461 0.296777728 
2015 CCI milky stage 7 37610 2549444 1 2 0.29798 1.41752 0.378754 0.000182128 3.739623281 0.840668911 
2013 CT Flowering 7 37461 265681 1 2 0.0190678 0.0272389 0.00754599 0.000306525 3.513534099 2.77555E-05 
2013 Grain Moisture 7 37929 17077 1 2 0.298729 -0.00832342 0.00249098 0.000833486 3.079101691 2.90266E-05 
2013 Grain Moisture 7 37449 4255301 1 2 0.177966 -0.0109097 0.00280768 0.000102058 3.991152947 3.48243E-05 
2015 Grain Moisture 7 36279 115187 2 1 0.186869 -0.0194317 0.00522943 0.000202529 3.693512782 0.000114749 
2013 Grain Protein 7 36665 3280201 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36666 3280252 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36667 3280633 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36669 3321331 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36670 3465093 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36671 3465396 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 36674 3967513 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 7 37547 3316000 1 2 0.417373 0.682308 0.176269 0.000108461 3.964726396 0.226415357 
2013 Grain Protein 7 37548 3316801 1 2 0.417373 0.682308 0.176269 0.000108461 3.964726396 0.226415357 
2015 Grain Protein 7 37549 3426422 2 1 0.0555556 0.63222 0.118443 9.41029E-08 7.026396993 0.041944082 
2013 Grain Protein 7 36439 14755 1 2 0.379237 0.516146 0.151531 0.000658698 3.181313655 0.125432955 
2013 Grain Protein 7 37859 307940 2 1 0.199153 0.443049 0.127363 0.000503983 3.297584113 0.06261378 
2013 Grain Protein 7 36678 6468906 1 2 0.199153 0.307914 0.082419 0.000187002 3.728153749 0.030243028 
2014 Grain Protein 7 37213 24725704 1 2 0.457286 -0.199175 0.061116 0.00111817 2.951492164 0.019690583 
2014 Grain Protein 7 37011 2426734 2 1 0.0150754 -0.632643 0.13885 5.20609E-06 5.283488328 0.011885549 
2013 Grain Test weight 7 36843 190282 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36689 237751 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36821 336098 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36822 581398 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36690 600964 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36818 709054 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36704 784410 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36764 788095 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36706 816817 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36707 818267 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36708 818643 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36808 842434 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36851 885286 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36852 885597 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36684 893460 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36828 997461 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36819 1093097 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
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2013 Grain Test weight 7 36800 1118128 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36809 1154451 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36765 1174635 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36766 1174748 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36685 1217490 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36687 1228898 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36710 1641850 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36711 1641901 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36712 1650223 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36713 1650230 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36865 2118385 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36767 2132751 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36768 2138270 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36769 2140414 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36716 2205636 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36717 2205874 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36829 2239048 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36801 2321341 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36798 2429810 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36799 2432001 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36845 2448795 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36811 2736707 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36812 2741981 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36814 2849798 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36815 2850135 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36719 2899177 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36720 2899177 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36662 3077862 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36663 3077862 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36802 3129969 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36816 3229893 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36817 3233097 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36834 3297850 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36691 3317321 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36693 3346462 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36694 3346469 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36824 3383798 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36686 3441159 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36848 3552967 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36893 3601558 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36846 3618221 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36826 3627462 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36849 3647498 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36803 3931878 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36850 3985323 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36840 3996000 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36835 4026923 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36836 4027643 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36770 4319696 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
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2013 Grain Test weight 7 36841 4937601 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36804 4942484 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36855 5031451 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36675 5150276 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36721 5196379 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36838 5520147 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36805 5537980 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36806 5540023 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36676 5704786 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36832 5719816 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36842 5869589 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36856 6284839 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36857 6284846 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36771 6688609 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36833 6757154 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36773 7113006 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36775 8332794 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36776 8333651 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36780 8752014 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36785 9974724 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36727 10343067 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36728 10343091 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36731 10343350 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36733 10344839 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36734 10815225 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36735 10815333 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36743 12436862 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36744 12483441 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36745 12484278 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 37304 14699000 2 1 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36753 17848059 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2013 Grain Test weight 7 36746 12484974 2 1 0.184322 0.974062 0.239804 4.86731E-05 4.312710993 0.285298259 
2013 Grain Test weight 7 36747 12484974 2 1 0.184322 0.974062 0.239804 4.86731E-05 4.312710993 0.285298259 
2013 Grain Test weight 7 36724 9362633 2 1 0.186441 0.973673 0.236081 3.71846E-05 4.429636886 0.287598573 
2013 Grain Test weight 7 36698 643286 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36701 783211 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36702 783304 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36703 783314 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36837 5023260 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36680 6521801 1 2 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36794 10540604 2 1 0.0677966 0.94549 0.251535 0.000170678 3.767822455 0.112995845 
2013 Grain Test weight 7 36793 10435656 2 1 0.0720339 0.910638 0.239825 0.000146408 3.834435192 0.110864008 
2013 Grain Test weight 7 36726 9534773 2 1 0.186441 0.90262 0.23111 9.39961E-05 4.026890165 0.247155556 
2013 Grain Test weight 7 37033 19562226 1 2 0.317797 0.869898 0.225485 0.000114369 3.941691676 0.328118017 
2013 Grain Test weight 7 36862 756187 2 1 0.0677966 0.860325 0.249406 0.000561639 3.250542743 0.093556438 
2013 Grain Test weight 7 36864 756351 2 1 0.0677966 0.860325 0.249406 0.000561639 3.250542743 0.093556438 
2013 Grain Test weight 7 36867 2490581 2 1 0.0677966 0.860325 0.249406 0.000561639 3.250542743 0.093556438 
2013 Grain Test weight 7 36847 4323829 2 1 0.0677966 0.860325 0.249406 0.000561639 3.250542743 0.093556438 
2013 Grain Test weight 7 36839 7254784 2 1 0.0677966 0.860325 0.249406 0.000561639 3.250542743 0.093556438 
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2013 Grain Test weight 7 36820 2895890 2 1 0.0699153 0.851089 0.243431 0.000471896 3.326153704 0.094205157 
2013 Grain Test weight 7 36795 11107366 2 1 0.266949 0.842195 0.229036 0.000235866 3.627334658 0.277598939 
2013 Grain Test weight 7 36825 3550874 1 2 0.34322 0.82323 0.220699 0.000191406 3.718044453 0.305537752 
2013 Grain Test weight 7 36911 2770226 2 1 0.315678 0.820117 0.228527 0.000332314 3.478451362 0.290593866 
2013 Grain Test weight 7 37006 3219012 2 1 0.315678 0.820117 0.228527 0.000332314 3.478451362 0.290593866 
2013 Grain Test weight 7 36810 1159223 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36715 2199750 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36718 2897481 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36696 3363219 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36722 7514616 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36732 10344288 1 2 0.0635593 0.795211 0.220046 0.000301695 3.520431887 0.075275585 
2013 Grain Test weight 7 36595 185298 2 1 0.455508 0.776627 0.142798 5.3687E-08 7.270130863 0.299186834 
2013 Grain Test weight 7 36596 185600 2 1 0.455508 0.776627 0.142798 5.3687E-08 7.270130863 0.299186834 
2013 Grain Test weight 7 36648 1346310 2 1 0.0677966 0.771261 0.205062 0.000169164 3.771692054 0.075188485 
2013 Grain Test weight 7 36788 10189748 2 1 0.0699153 0.765529 0.207129 0.000219099 3.659359605 0.076216327 
2013 Grain Test weight 7 36782 9885702 2 1 0.0677966 0.764563 0.210151 0.000274593 3.561310538 0.07388821 
2013 Grain Test weight 7 36796 11111796 1 2 0.269068 0.763862 0.211854 0.000311416 3.506659078 0.229508531 
2013 Grain Test weight 7 36639 5425005 2 1 0.245763 0.732003 0.143506 3.38133E-07 6.470912442 0.198646104 
2013 Grain Test weight 7 36640 5425807 2 1 0.245763 0.732003 0.143506 3.38133E-07 6.470912442 0.198646104 
2013 Grain Test weight 7 36598 187060 1 2 0.455508 0.726385 0.132257 3.96888E-08 7.401332032 0.261728636 
2013 Grain Test weight 7 36653 1750625 2 1 0.381356 0.716323 0.184298 0.000101589 3.993153315 0.242113595 
2013 Grain Test weight 7 36593 183862 2 1 0.457627 0.713644 0.143303 6.35923E-07 6.196595467 0.252815056 
2013 Grain Test weight 7 37942 28612 1 2 0.336864 0.702403 0.140544 5.80011E-07 6.23656377 0.220424527 
2013 Grain Test weight 7 36638 5424522 1 2 0.241525 0.683005 0.142541 1.65413E-06 5.781430362 0.170915371 
2013 Grain Test weight 7 37941 25465 1 2 0.334746 0.682618 0.141372 1.37557E-06 5.861517304 0.207533571 
2013 Grain Test weight 7 36594 183872 1 2 0.334746 0.682618 0.141372 1.37557E-06 5.861517304 0.207533571 
2013 Grain Test weight 7 36592 189470 1 2 0.334746 0.682618 0.141372 1.37557E-06 5.861517304 0.207533571 
2013 Grain Test weight 7 36643 78034 2 1 0.277542 0.66508 0.187683 0.00039464 3.403798898 0.177385898 
2013 Grain Test weight 7 36645 906959 2 1 0.279661 0.64699 0.185461 0.000485644 3.313681972 0.16865296 
2013 Grain Test weight 7 36641 6423667 1 2 0.0635593 0.61967 0.134586 4.13944E-06 5.383058408 0.045709906 
2013 Grain Test weight 7 37943 31021 1 2 0.247881 0.578509 0.129137 7.47138E-06 5.126599174 0.124790072 
2013 Grain Test weight 7 37153 890505 2 1 0.408898 -0.696594 0.18001 0.000108947 3.962784724 0.234566976 
2013 Grain Test weight 7 37859 307940 2 1 0.199153 -0.730412 0.217698 0.000793174 3.10063153 0.170177524 
2013 Grain Test weight 7 36938 2242398 2 1 0.402542 -0.741233 0.210212 0.000421704 3.37499228 0.264276209 
2013 Grain Test weight 7 36966 3604010 2 1 0.402542 -0.741233 0.210212 0.000421704 3.37499228 0.264276209 
2013 Grain Test weight 7 36972 7876440 2 1 0.402542 -0.741233 0.210212 0.000421704 3.37499228 0.264276209 
2013 Grain Test weight 7 36934 9447782 2 1 0.402542 -0.741233 0.210212 0.000421704 3.37499228 0.264276209 
2013 Grain Test weight 7 36600 227058 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36601 227176 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36602 314178 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36603 314289 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36604 315105 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36605 315825 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36606 315918 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36607 315918 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36608 316398 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36609 316678 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36610 316734 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36611 317043 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
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2013 Grain Test weight 7 36612 317400 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36613 317403 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36614 317820 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36616 321379 1 2 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36617 571207 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36618 571207 2 1 0.442797 -0.75904 0.179375 2.32049E-05 4.634420299 0.284300378 
2013 Grain Test weight 7 36955 898880 1 2 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36937 2242256 1 2 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36947 2247661 1 2 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36948 2578696 2 1 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36984 11649959 1 2 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36990 15005625 2 1 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2013 Grain Test weight 7 36964 3161440 2 1 0.408898 -0.773752 0.206349 0.000177023 3.751970304 0.289408299 
2013 Grain Test weight 7 36985 11852343 2 1 0.408898 -0.773752 0.206349 0.000177023 3.751970304 0.289408299 
2013 Grain Test weight 7 36991 15006371 2 1 0.411017 -0.795993 0.208887 0.000138602 3.858230503 0.306768694 
2013 Grain Test weight 7 36960 1963707 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36941 2243122 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36943 2243838 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36965 3602525 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36951 3780750 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36952 3780750 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36969 6065105 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36983 11209539 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36986 11853627 2 1 0.40678 -0.831049 0.210792 8.06361E-05 4.093470485 0.333317898 
2013 Grain Test weight 7 36959 1961779 2 1 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 36961 1963707 2 1 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 36942 2243838 2 1 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 36946 2245316 2 1 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 36950 3169259 2 1 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 36971 6293216 1 2 0.408898 -0.85415 0.213298 6.21521E-05 4.206544193 0.352675833 
2013 Grain Test weight 7 37872 311970 2 1 0.197034 -0.877704 0.245062 0.00034155 3.46654571 0.243761145 
2015 Grain WUE 7 37549 3426422 2 1 0.0555556 -0.636806 0.174299 0.000258674 3.587247221 0.042554797 
2014 Grain WUE 7 36466 1288821 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2015 Heading days 7 37549 3426422 2 1 0.0555556 3.43635 0.642047 8.69009E-08 7.060975726 1.239164652 
2013 Heading days 7 36411 335096 1 2 0.311441 -1.52665 0.433499 0.000428797 3.367748262 0.99959921 
2013 Heading days 7 36678 6468906 1 2 0.199153 -1.58758 0.332105 1.74993E-06 5.756979323 0.803965921 
2013 Heading days 7 36439 14755 1 2 0.379237 -1.86029 0.530546 0.000454258 3.342697416 1.629400422 
2014 NDVI Heading days 7 37011 2426734 2 1 0.0150754 2.66899 0.74729 0.000354859 3.449944176 0.211541567 
2014 NDVI Heading days 7 37549 3426422 2 1 0.0552764 2.38214 0.569162 2.84732E-05 4.545563721 0.592664719 
2014 NDVI Heading days 7 37518 644934 2 1 0.150754 -1.59045 0.482465 0.000978982 3.009225293 0.647697754 
2014 NDVI Heading days 7 36222 2289914 1 2 0.301508 -2.02718 0.603232 0.000777916 3.109067296 1.730911637 
2014 Plant height 7 37935 274027 2 1 0.0100503 2.17614 0.62838 0.000533992 3.272465249 0.094231437 
2013 Plant Height 7 36443 1574673 1 2 0.0762712 -1.2895 0.392879 0.00103005 2.987141694 0.234302948 
2015 Plant Height 7 36453 27342 2 1 0.277778 -2.02969 0.621679 0.0010952 2.960506565 1.652943389 
2015 Plant Height 7 37804 1838006 2 1 0.464646 -3.81521 0.93082 4.15374E-05 4.381560691 7.24152686 
2015 Screening 7 37549 3426422 2 1 0.0555556 2.72143 0.331254 2.11219E-16 15.67526702 0.777192444 
2015 Screening 7 36591 1939551 1 2 0.0353535 0.622004 0.165501 0.00017106 3.766851532 0.026388637 
2015 Screening 7 36590 1686813 1 2 0.0353535 0.511747 0.1561 0.00104423 2.981203834 0.017862458 
2015 Screening 7 36209 2013296 1 2 0.0555556 0.474729 0.133081 0.000360777 3.442761157 0.023649707 
 398 
 
2015 Screening 7 37810 585144 2 1 0.444444 0.456851 0.136105 0.000789056 3.102892173 0.103068047 
2015 Screening 7 37889 990411 2 1 0.166667 -0.693496 0.188285 0.000230311 3.637685319 0.133593742 
2015 Screening 7 37935 274027 2 1 0.010101 -1.02038 0.291322 0.000460745 3.336539369 0.020821362 
2013 TKW 7 37475 9543352 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 7 37482 10024732 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 7 37484 10877313 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 7 37489 12240941 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 7 36466 1288821 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 7 36077 554154 1 2 0.059322 3.17255 0.963241 0.000989074 3.004771214 1.123320587 
2013 TKW 7 36080 554743 1 2 0.059322 3.17255 0.963241 0.000989074 3.004771214 1.123320587 
2013 TKW 7 36082 554882 1 2 0.059322 3.17255 0.963241 0.000989074 3.004771214 1.123320587 
2013 TKW 7 36087 557621 1 2 0.059322 3.17255 0.963241 0.000989074 3.004771214 1.123320587 
2013 TKW 7 36293 442557 2 1 0.413136 3.0942 0.876639 0.000416159 3.380740709 4.642557261 
2014 TKW 7 37935 274027 2 1 0.0100503 1.89173 0.514509 0.000236206 3.626709075 0.071209912 
2015 TKW 7 37935 274027 2 1 0.010101 1.79536 0.555806 0.00123707 2.907605725 0.064459709 
2013 TKW 7 37620 360963 1 2 0.341102 1.56046 0.41524 0.000171291 3.766265455 1.09455536 
2015 TKW 7 37549 3426422 2 1 0.0555556 -3.77183 0.802576 2.60611E-06 5.584007257 1.492926595 
2015 Yield 7 37549 3426422 2 1 0.0555556 -0.185616 0.0482843 0.000120932 3.917458765 0.003615472 
2014 Yield 7 36466 1288821 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2014 CCI anthesis 8 2366 762811 1 2 0.256281 1.11598 0.285933 0.000095025 4.022162122 0.474753424 
2014 CCI anthesis 8 5027 787204 2 1 0.0150754 1.03175 0.304811 0.000712105 3.147455965 0.031611913 
2014 CCI anthesis 8 2545 608821 2 1 0.296482 0.619151 0.191808 0.0012467 2.904238041 0.15991776 
2014 CCI Heading 8 4402 4477135 2 1 0.236181 0.690687 0.198204 0.000492649 3.307462394 0.172118667 
2014 CCI Heading 8 2653 753412 2 1 0.497487 -0.873754 0.220315 7.31091E-05 4.136028562 0.381713384 
2014 CCI Heading 8 2658 1522703 1 2 0.487437 -0.892886 0.245852 0.000281454 3.550592575 0.398371048 
2015 CCI milky stage 8 2366 762811 1 2 0.257576 1.20057 0.341385 0.000436829 3.359688538 0.551267471 
2015 CCI milky stage 8 2545 608821 2 1 0.29798 1.00673 0.21225 2.10437E-06 5.676877898 0.424026127 
2013 Grain Moisture 8 3865 419580 1 2 0.0614407 0.0212304 0.00394448 7.35332E-08 7.133516534 5.19833E-05 
2013 Grain Moisture 8 4253 7222194 1 2 0.262712 0.00970221 0.00237704 4.47189E-05 4.349508888 3.6466E-05 
2013 Grain Moisture 8 2576 833467 1 2 0.324153 0.00806819 0.00228824 0.000421996 3.374691666 2.8522E-05 
2013 Grain Protein 8 4195 2342894 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 8 4199 2774478 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 8 4092 4191609 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 8 4099 7677079 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 8 4101 11379423 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 8 5056 253685 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 8 4192 2338588 2 1 0.205508 0.699814 0.203156 0.000571673 3.242852319 0.159923951 
2015 Grain Protein 8 3484 4384653 2 1 0.0151515 0.690107 0.119942 8.73175E-09 8.058898707 0.014213071 
2013 Grain Protein 8 5054 253180 2 1 0.207627 0.647183 0.159912 5.18536E-05 4.285221087 0.137815383 
2013 Grain Protein 8 2629 508346 2 1 0.483051 0.635439 0.165328 0.000121289 3.916178585 0.201659373 
2013 Grain Protein 8 5084 750484 1 2 0.417373 0.604435 0.177314 0.000652398 3.185487379 0.177682298 
2013 Grain Protein 8 3230 5815399 1 2 0.25 0.584596 0.146528 6.61668E-05 4.179359868 0.128157181 
2015 Grain Protein 8 3306 5898520 2 1 0.262626 0.538956 0.106656 4.3448E-07 6.36203021 0.112502496 
2015 Grain Protein 8 3292 3970178 2 1 0.272727 0.256962 0.0734252 0.000465879 3.331726865 0.026193492 
2013 Grain Protein 8 2791 1539004 1 2 0.277542 0.177941 0.0527552 0.000743671 3.128619154 0.01269765 
2014 Grain Protein 8 2409 3006232 1 2 0.0552764 -0.298368 0.0866787 0.000576952 3.238860317 0.009297774 
2013 Grain Test weight 8 2427 3292219 2 1 0.235169 -0.434089 0.118904 0.000261469 3.582579794 0.067784924 
2013 Grain Test weight 8 4303 1525815 1 2 0.404661 -0.765527 0.21318 0.000329428 3.48223949 0.282362296 
2015 Grain Test Weight 8 4870 1059376 1 2 0.0454545 -1.0365 0.22653 4.74955E-06 5.323347536 0.09322709 
 399 
 
2013 Grain Test weight 8 5086 908380 1 2 0.419492 -1.32819 0.401392 0.000936444 3.028518189 0.859176322 
2015 Grain WUE 8 2531 763007 1 2 0.0151515 0.569852 0.171992 0.000922211 3.035169702 0.009691237 
2015 Grain WUE 8 4166 9721207 2 1 0.373737 0.138683 0.0415634 0.000847889 3.071660999 0.00900325 
2014 Grain WUE 8 4997 436771 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2014 Grain WUE 8 3995 820801 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2014 Grain WUE 8 4000 1342637 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2014 Grain WUE 8 5016 1464726 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2015 Heading days 8 3484 4384653 2 1 0.0151515 3.51181 0.649691 6.46802E-08 7.189228646 0.36805869 
2015 Heading days 8 3306 5898520 2 1 0.262626 2.75106 0.583433 2.41349E-06 5.617354496 2.931268896 
2015 Heading days 8 3292 3970178 2 1 0.272727 1.42676 0.397337 0.000329647 3.481950872 0.807527732 
2015 Heading days 8 3253 1267504 2 1 0.252525 1.40061 0.380024 0.00022817 3.641741458 0.740568939 
2013 Heading days 8 2538 1422568 1 2 0.0741525 0.596662 0.16881 0.000408515 3.388791992 0.048882343 
2013 Heading days 8 4200 2775078 2 1 0.167373 -1.87954 0.392015 1.63038E-06 5.787711161 0.984620858 
2013 Heading days 8 5054 253180 2 1 0.207627 -1.93655 0.561983 0.000569115 3.244799968 1.233959547 
2013 Heading days 8 4053 1062448 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4054 1064026 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4057 2143065 1 2 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4058 2143065 1 2 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4059 2434191 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4060 2434284 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4061 2435069 1 2 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4062 2435069 1 2 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4087 2853022 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4091 4190087 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4094 4351531 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4095 4351531 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4063 4370860 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4065 6056382 2 1 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4066 6074343 1 2 0.163136 -2.1838 0.665979 0.00104143 2.982369916 1.302148198 
2013 Heading days 8 4944 138178 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4945 138493 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4946 139340 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4947 296709 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4938 383910 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4941 558182 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4964 2467179 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4829 4161594 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 8 4195 2342894 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 8 4199 2774478 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 8 4092 4191609 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 8 4099 7677079 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 8 4101 11379423 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 8 2574 356705 1 2 0.184322 0.00313167 0.000827039 0.000152723 3.816095554 2.94902E-06 
2013 NDVI Booting 8 3872 595778 1 2 0.059322 -0.00725058 0.00214855 0.000739124 3.131282696 5.86722E-06 
2013 NDVI Booting 8 4298 10851816 1 2 0.059322 -0.00725058 0.00214855 0.000739124 3.131282696 5.86722E-06 
2014 NDVI GF 8 4123 435832 2 1 0.427136 0.00881239 0.00254582 0.000537136 3.269915739 3.80045E-05 
2014 NDVI GF 8 4124 435837 2 1 0.427136 0.00881239 0.00254582 0.000537136 3.269915739 3.80045E-05 
2014 NDVI Heading days 8 3484 4384653 2 1 0.0150754 2.358 0.573563 3.93716E-05 4.404816936 0.165116102 
2014 NDVI Heading days 8 3306 5898520 2 1 0.261307 1.81448 0.528234 0.000592578 3.227254476 1.271011249 
 400 
 
2014 NDVI Heading days 8 3292 3970178 2 1 0.271357 1.24458 0.349312 0.000366705 3.435683168 0.612535773 
2014 NDVI Heading days 8 4811 3054479 2 1 0.175879 -2.55098 0.775192 0.000999127 3.000379305 1.886466388 
2014 NDVI Heading days 8 4816 3055315 2 1 0.175879 -2.55098 0.775192 0.000999127 3.000379305 1.886466388 
2014 NDVI Heading days 8 5054 253180 2 1 0.165829 -2.68905 0.784706 0.000610681 3.214185592 2.000521946 
2014 Plant height 8 4928 1973682 2 1 0.40201 0.621812 0.185193 0.000786105 3.104519441 0.185899821 
2013 Plant Height 8 3399 1103937 1 2 0.0254237 -2.9324 0.640515 4.69015E-06 5.328813267 0.426119117 
2013 Plant Height 8 3400 1105973 1 2 0.0275424 -2.94987 0.669455 1.05115E-05 4.978335305 0.466131236 
2015 Plant Height 8 3018 177277 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2885 311421 2 1 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2812 400685 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2814 401524 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2821 547138 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2823 547454 2 1 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2826 912004 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 3002 2030087 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2905 3398695 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2874 4857712 2 1 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2882 6356660 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 2961 12675490 1 2 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 8 3469 1157849 2 1 0.0555556 -4.6092 1.3956 0.000957728 3.018757815 2.229386363 
2015 Plant Height 8 3486 4650162 2 1 0.0555556 -4.6092 1.3956 0.000957728 3.018757815 2.229386363 
2015 Plant Height 8 3462 8995902 2 1 0.0555556 -4.6092 1.3956 0.000957728 3.018757815 2.229386363 
2015 Plant Height 8 3465 9257255 2 1 0.0555556 -4.6092 1.3956 0.000957728 3.018757815 2.229386363 
2015 Plant Height 8 3466 9258610 2 1 0.0555556 -4.6092 1.3956 0.000957728 3.018757815 2.229386363 
2015 Plant Height 8 2816 401948 1 2 0.0505051 -5.02594 1.40837 0.00035887 3.445062845 2.422659988 
2015 Plant Height 8 3076 902514 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 8 2998 1544725 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 8 2924 6094557 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 8 2930 7324148 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Plant Height 8 2939 9462084 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 8 3484 4384653 2 1 0.0151515 2.86117 0.339487 3.51858E-17 16.45363257 0.244310639 
2015 Screening 8 3306 5898520 2 1 0.262626 1.39033 0.253237 4.01362E-08 7.396463748 0.748671538 
2015 Screening 8 3680 7846658 1 2 0.146465 0.962647 0.201968 1.87597E-06 5.726774111 0.231696413 
2015 Screening 8 3253 1267504 2 1 0.252525 0.804399 0.19457 0.000035612 4.448403635 0.244272227 
2015 Screening 8 3292 3970178 2 1 0.272727 0.80331 0.199814 5.81276E-05 4.235617608 0.255989376 
2015 Screening 8 5075 714228 2 1 0.0252525 0.777206 0.189749 4.20414E-05 4.37632283 0.029737112 
2013 Screening 8 5072 534272 1 2 0.40678 0.551932 0.134241 3.93113E-05 4.405482594 0.147020035 
2015 Screening 8 4234 6054783 1 2 0.29798 0.544501 0.137798 0.000077682 4.109679602 0.124040629 
2013 Screening 8 4236 6384113 1 2 0.184322 -0.579349 0.168401 0.000581084 3.235761083 0.100926786 
2015 Screening 8 3818 1121172 1 2 0.136364 -0.711247 0.193564 0.000238331 3.622819465 0.119152006 
2013 TKW 8 5113 834861 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 8 3985 977582 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 8 3995 820801 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 8 4000 1342637 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 8 5021 2355407 2 1 0.209746 3.14117 0.922914 0.000665192 3.177052983 3.270945197 
2014 TKW 8 5027 787204 2 1 0.0150754 2.07471 0.578316 0.000333871 3.476421302 0.127825242 
2013 TKW 8 5095 315543 1 2 0.461864 1.97128 0.438609 6.9774E-06 5.156306379 1.931669337 
2015 TKW 8 2366 762811 1 2 0.257576 1.92229 0.572986 0.000794012 3.100172934 1.413270215 
2013 TKW 8 2513 1594356 1 2 0.222458 1.77066 0.47387 0.000186526 3.729260623 1.084606579 
 401 
 
2015 TKW 8 3197 2480490 1 2 0.272727 1.50931 0.420887 0.000335748 3.473986566 0.903675472 
2013 TKW 8 3416 9448714 1 2 0.28178 1.47582 0.408532 0.000303281 3.518154797 0.881585499 
2014 TKW 8 2545 608821 2 1 0.296482 1.12473 0.332903 0.000728729 3.137433947 0.527715803 
2015 TKW 8 3378 28984 2 1 0.217172 -1.05109 0.323556 0.00115987 2.935590684 0.375647053 
2014 TKW 8 3378 28984 2 1 0.221106 -1.2925 0.288509 7.46651E-06 5.126882349 0.575400169 
2013 TKW 8 3816 33773 2 1 0.438559 -1.72404 0.372479 3.68206E-06 5.433909139 1.463716012 
2013 TKW 8 3549 3624810 1 2 0.372881 -1.93599 0.571786 0.000709521 3.149034746 1.752897125 
2015 TKW 8 3306 5898520 2 1 0.262626 -3.1984 0.76446 0.000028659 4.542738968 3.962060369 
2015 TKW 8 3484 4384653 2 1 0.0151515 -3.91703 0.808349 1.26154E-06 5.899098975 0.457898108 
2015 Yield 8 2531 763007 1 2 0.0151515 0.156088 0.0480489 0.00116009 2.935508317 0.0007271 
2015 Yield 8 4166 9721207 2 1 0.373737 0.0410512 0.0113609 0.000302257 3.519623632 0.000788868 
2015 Yield 8 3484 4384653 2 1 0.0151515 -0.159988 0.0491488 0.0011332 2.945693434 0.000763888 
2013 Yield 8 3416 9448714 1 2 0.28178 -0.183769 0.0445163 3.65718E-05 4.436853664 0.01366917 
2014 Yield 8 4997 436771 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2014 Yield 8 3995 820801 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2014 Yield 8 4000 1342637 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2014 Yield 8 5016 1464726 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2014 CCI anthesis 9 12661 8467765 1 2 0.316583 0.418886 0.129621 0.00123083 2.909801927 0.075926793 
2014 CCI Heading 9 13367 2351773 2 1 0.165829 -0.879169 0.228362 0.000118167 3.92750379 0.213840666 
2015 CCI milky stage 9 10645 10280629 2 1 0.227273 1.52655 0.456048 0.000815868 3.0883801 0.818513779 
2015 CCI milky stage 9 10098 1322423 2 1 0.474747 -1.57616 0.404479 9.74878E-05 4.01104973 1.238971652 
2014 Grain Moisture 9 10919 3019323 2 1 0.0201005 0.0268379 0.00830406 0.00122969 2.910204359 2.83737E-05 
2013 Grain Moisture 9 13924 344215 1 2 0.180085 0.00942847 0.00251047 0.000172886 3.762240174 2.62518E-05 
2013 Grain Moisture 9 10142 264238 2 1 0.165254 -0.0191136 0.00393459 1.18678E-06 5.925629781 0.000100791 
2013 Grain Moisture 9 9988 105075 1 2 0.167373 -0.0283071 0.00463471 1.01114E-09 8.995188709 0.000223335 
2013 Grain Protein 9 14068 436461 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 9 14074 449559 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 9 14072 460800 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 9 14076 483719 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 9 13690 1701721 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 9 13819 7729273 2 1 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 9 13820 8218962 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2013 Grain Protein 9 13824 8316226 1 2 0.158898 0.848318 0.250269 0.00069989 3.154970212 0.192359862 
2014 Grain Protein 9 13859 156123 1 2 0.110553 0.563193 0.124813 6.4125E-06 5.192972622 0.062378525 
2013 Grain Protein 9 14006 4453750 1 2 0.230932 0.51944 0.141211 0.000234646 3.629586845 0.095840624 
2015 Grain Protein 9 14042 300952 1 2 0.161616 0.20092 0.059859 0.000789181 3.102823379 0.010939656 
2013 Grain Protein 9 13870 1900372 2 1 0.436441 -0.637576 0.165658 0.000118724 3.92546148 0.199967239 
2013 Grain Protein 9 13875 2218528 2 1 0.436441 -0.637576 0.165658 0.000118724 3.92546148 0.199967239 
2013 Grain Protein 9 13287 370798 1 2 0.40678 -0.644962 0.186047 0.000526953 3.278228119 0.200758354 
2013 Grain Protein 9 11402 6388876 1 2 0.224576 -0.686167 0.181041 0.000150581 3.822229823 0.16398051 
2013 Grain Protein 9 13272 1737590 2 1 0.220339 -0.738871 0.194259 0.000142649 3.845731268 0.187570451 
2013 Grain Protein 9 10639 9846916 2 1 0.220339 -0.738871 0.194259 0.000142649 3.845731268 0.187570451 
2013 Grain Test weight 9 14019 6481155 2 1 0.362288 0.399894 0.115349 0.000526643 3.278483684 0.073892151 
2013 Grain Test weight 9 9999 1378362 1 2 0.381356 -0.596688 0.169434 0.00042885 3.367694586 0.167994859 
2015 Grain Test Weight 9 9999 1378362 1 2 0.308081 -0.711721 0.208599 0.000645092 3.190378344 0.215958214 
2015 Grain Test Weight 9 10098 1322423 2 1 0.474747 -1.65638 0.289727 1.08396E-08 7.964986744 1.368298095 
2013 Ground Cover rate 9 13834 10195750 1 2 0.161017 0.1944 0.0598224 0.00115558 2.937199983 0.010210509 
2013 Ground Cover rate 9 11495 1543215 1 2 0.245763 0.177469 0.0537731 0.00096571 3.015153271 0.011676141 
2013 Ground Cover rate 9 14122 143611 2 1 0.360169 0.123269 0.0381805 0.00124401 2.905176129 0.007003407 
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2013 Ground Cover rate 9 13738 63038 1 2 0.222458 -0.167633 0.0496982 0.0007435 3.128719027 0.009721223 
2013 Heading days 9 10251 74046 2 1 0.201271 1.4005 0.427829 0.00106221 2.973789614 0.630633271 
2015 Heading days 9 13209 2506227 2 1 0.171717 -1.21491 0.365805 0.000896319 3.047537397 0.419865557 
2013 Heading days 9 13648 4169953 1 2 0.0105932 -1.37837 0.405284 0.000671384 3.173029013 0.039825724 
2013 Heading days 9 14221 262379 1 2 0.161017 -2.03432 0.579877 0.000451157 3.3456723 1.118132897 
2013 Heading days 9 13814 7089719 2 1 0.163136 -2.06277 0.641691 0.00130633 2.883947099 1.161813194 
2015 Heading days 9 14073 484330 2 1 0.252525 -2.18367 0.588438 0.000206475 3.685132525 1.800134945 
2013 Heading days 9 14239 34393 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14240 34494 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14242 36287 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14244 37228 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14230 87011 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14231 89281 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14200 217288 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14201 220162 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14210 221669 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14217 226038 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14223 591910 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14226 592935 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14204 676089 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 13938 794322 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14125 915831 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14133 1055754 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14168 3674639 1 2 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 9 14068 436461 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 9 14074 449559 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 9 14072 460800 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 9 14076 483719 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 9 10492 2659109 1 2 0.0444915 0.00250699 0.000771752 0.00116042 2.935384795 5.34376E-07 
2013 NDVI Flowering 9 9972 517402 2 1 0.387712 -0.000715715 0.00019937 0.000330835 3.480388551 2.43207E-07 
2014 NDVI GF 9 13287 370798 1 2 0.422111 0.00850649 0.00257382 0.000949738 3.022396185 3.53022E-05 
2014 NDVI GF 9 12587 1382922 1 2 0.422111 0.00850649 0.00257382 0.000949738 3.022396185 3.53022E-05 
2014 NDVI GF 9 12589 1716492 1 2 0.422111 0.00850649 0.00257382 0.000949738 3.022396185 3.53022E-05 
2015 NDVI heading 9 13812 6677514 2 1 0.156566 0.00276588 0.000814695 0.00068631 3.163479673 2.02044E-06 
2013 NDVI Heading 9 9972 517402 2 1 0.387712 -0.000715715 0.00019937 0.000330835 3.480388551 2.43207E-07 
2014 NDVI Heading days 9 10717 17162607 2 1 0.236181 -0.85836 0.242984 0.000411521 3.385607998 0.265830221 
2014 NDVI Heading days 9 13859 156123 1 2 0.110553 -2.75666 0.672195 4.11399E-05 4.385736768 1.494469347 
2015 Plant Height 9 10360 47750 2 1 0.156566 4.32566 1.30658 0.000930734 3.031174421 4.941778972 
2015 Plant Height 9 14214 224138 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 9 14184 303024 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 9 14188 1060946 1 2 0.166667 3.99937 1.23884 0.00124521 2.9047574 4.443051664 
2015 Plant Height 9 10492 2659109 1 2 0.0151515 2.38375 0.736505 0.00120973 2.917311549 0.169580716 
2013 Plant Height 9 10080 538308 1 2 0.449153 0.475611 0.13153 0.000299199 3.524039862 0.111933239 
2015 Plant Height 9 14030 486008 1 2 0.414141 -1.17989 0.351976 0.000801719 3.095977824 0.675545134 
2015 Plant Height 9 14212 222957 2 1 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 9 13095 737085 1 2 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13161 1212401 1 2 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13162 1212520 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13167 1294381 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
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2015 Screening 9 13099 2048128 1 2 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13100 2048329 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13107 2053265 1 2 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13174 2298643 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13109 2357845 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13111 2399863 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13120 4670218 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13121 4670221 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13124 4722696 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 13126 4723270 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 12810 7073384 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 12811 7076735 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2015 Screening 9 14042 300952 1 2 0.161616 0.556221 0.164679 0.000731164 3.1359852 0.083840159 
2015 Screening 9 12457 6721302 2 1 0.0959596 0.497476 0.146965 0.000711781 3.147653609 0.042938862 
2013 TKW 9 12543 6782177 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 9 12548 7552927 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 9 12464 8102555 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 9 12555 8789334 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 9 14006 4453750 1 2 0.230932 4.06051 0.694577 5.03473E-09 8.298023815 5.856525283 
2013 TKW 9 11189 3621252 1 2 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 9 11190 3691935 2 1 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 9 11357 26208313 1 2 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 9 11199 7455542 1 2 0.235169 3.89826 1.02122 0.00013495 3.869827111 5.466598197 
2015 TKW 9 14073 484330 2 1 0.252525 3.87005 0.852255 5.60018E-06 5.251798014 5.654109296 
2013 TKW 9 13994 795879 1 2 0.230932 3.41198 0.976263 0.000474168 3.324067758 4.135155136 
2013 TKW 9 14017 5801676 1 2 0.228814 3.15541 0.586697 7.52067E-08 7.123743467 3.51385083 
2014 TKW 9 14073 484330 2 1 0.261307 3.0222 0.732583 3.70084E-05 4.431699691 3.526074027 
2015 TKW 9 12068 1354808 2 1 0.257576 2.90079 0.669933 1.49128E-05 4.826440807 3.218251439 
2013 TKW 9 11230 1424222 2 1 0.230932 2.18524 0.628775 0.000510109 3.292337014 1.696200304 
2014 TKW 9 12068 1354808 2 1 0.261307 2.11246 0.585789 0.00031074 3.507602839 1.72274902 
2013 TKW 9 12068 1354808 2 1 0.224576 1.73993 0.469492 0.000210575 3.676593191 1.054377499 
2014 TKW 9 9972 517402 2 1 0.427136 -1.58377 0.489078 0.00120252 2.919907692 1.227529471 
2015 TKW 9 9972 517402 2 1 0.419192 -1.85353 0.550665 0.000762692 3.117650809 1.672918602 
2013 TKW 9 13272 1737590 2 1 0.220339 -3.56335 1.01512 0.000447653 3.349058501 4.362587432 
2013 TKW 9 10639 9846916 2 1 0.220339 -3.56335 1.01512 0.000447653 3.349058501 4.362587432 
2013 Yield 9 14006 4453750 1 2 0.230932 -0.255904 0.0757083 0.000724514 3.139953218 0.023261248 
2014 CCI Heading 10 20738 13038 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 10 20777 1137268 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 10 19802 5999533 1 2 0.0552764 1.44248 0.433628 0.000879316 3.055855024 0.217317206 
2014 CCI Heading 10 19812 9781272 1 2 0.0552764 1.44248 0.433628 0.000879316 3.055855024 0.217317206 
2014 CCI Heading 10 20831 1439134 1 2 0.0100503 0.923696 0.279693 0.000958154 3.018564683 0.016977756 
2015 CCI milky stage 10 19336 1898375 1 2 0.020202 1.37441 0.41928 0.00104533 2.980746586 0.074781388 
2015 CCI milky stage 10 19190 1081606 1 2 0.323232 -1.23375 0.345756 0.000359339 3.444495645 0.665945198 
2015 CCI milky stage 10 19205 20268 2 1 0.020202 -1.49036 0.405787 0.000239935 3.619906396 0.087931257 
2013 CT GF 10 20765 2230182 1 2 0.0826271 0.0586157 0.0159586 0.000239738 3.620263122 0.000520866 
2013 Grain Moisture 10 20706 1387645 1 2 0.402542 0.0132927 0.00255159 1.89294E-07 6.722863152 8.49914E-05 
2014 Grain Protein 10 20796 2364735 1 2 0.39196 -0.217518 0.0607728 0.00034464 3.462634318 0.02255248 
2014 Grain Protein 10 20420 2080568 1 2 0.407035 -0.384481 0.114775 0.000808491 3.09232481 0.071357656 
2013 Grain Protein 10 19098 387998 2 1 0.434322 -0.559983 0.167358 0.000819816 3.08628361 0.154085155 
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2015 Grain Test Weight 10 19336 1898375 1 2 0.020202 1.0534 0.275171 0.000129103 3.889063666 0.043928618 
2015 Grain Test Weight 10 19264 907214 1 2 0.0252525 0.944821 0.25209 0.000178285 3.748885195 0.04394663 
2013 Grain Test weight 10 19336 1898375 1 2 0.0148305 0.690406 0.184738 0.000186069 3.730325976 0.013928549 
2015 Grain Test Weight 10 19190 1081606 1 2 0.323232 -0.934226 0.239603 9.65679E-05 4.015167213 0.381845837 
2015 Grain Test Weight 10 19205 20268 2 1 0.020202 -1.18219 0.268063 0.000010332 4.985815602 0.05532679 
2015 Heading days 10 19336 1898375 1 2 0.020202 2.22961 0.543917 4.14611E-05 4.38235918 0.196797111 
2015 Heading days 10 20810 361708 2 1 0.419192 1.16259 0.291072 6.49266E-05 4.187577339 0.658155837 
2015 Heading days 10 19095 377687 2 1 0.30303 -1.19377 0.356164 0.00080302 3.095273638 0.601964705 
2013 NDVI GF 10 19205 20268 2 1 0.0127119 0.00852814 0.00264221 0.00124812 2.903743658 1.82555E-06 
2013 NDVI GF 10 20706 1387645 1 2 0.402542 0.00349029 0.00109107 0.00137926 2.860353859 5.85965E-06 
2014 NDVI Heading days 10 20810 361708 2 1 0.41206 1.00534 0.257785 9.62282E-05 4.016697638 0.489721743 
2013 Plant Height 10 19525 8144642 2 1 0.158898 -2.88607 0.723427 6.62289E-05 4.178952458 2.226439063 
2015 Screening 10 19203 195648 2 1 0.19697 1.1193 0.346359 0.00123097 2.909752531 0.396328094 
2013 Screening 10 20864 4736 1 2 0.0190678 0.493751 0.148757 0.000902808 3.044404601 0.009119805 
2013 TKW 10 20664 1900656 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 10 20135 8259674 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 10 20245 8871111 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 10 20140 9399746 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 10 20738 13038 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 10 19802 5999533 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 10 19812 9781272 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 10 20219 13204870 1 2 0.230932 3.77731 0.976386 0.000109435 3.960843758 5.068087572 
2013 TKW 10 20179 21032048 2 1 0.230932 3.77731 0.976386 0.000109435 3.960843758 5.068087572 
2013 TKW 10 19978 111525 1 2 0.0762712 3.7479 1.11486 0.000774487 3.110985868 1.979297375 
2013 TKW 10 20220 13211649 2 1 0.233051 3.61705 0.907684 6.75031E-05 4.170676282 4.676882688 
2013 TKW 10 19848 7806806 1 2 0.256356 3.41705 0.896901 0.000139054 3.856816514 4.451857226 
2013 TKW 10 19858 11276946 1 2 0.256356 3.41705 0.896901 0.000139054 3.856816514 4.451857226 
2013 TKW 10 20622 908804 2 1 0.389831 2.77924 0.844379 0.000996676 3.001445999 3.674587643 
2013 TKW 10 20623 908804 2 1 0.389831 2.77924 0.844379 0.000996676 3.001445999 3.674587643 
2014 TKW 10 19309 731582 2 1 0.361809 1.04523 0.314516 0.00088955 3.050829636 0.504526253 
2015 TKW 10 19706 7131859 1 2 0.464646 -2.15044 0.583213 0.000226715 3.644519745 2.300635992 
2013 Yield 10 20732 918031 1 2 0.0317797 0.0853785 0.0251577 0.00068947 3.161484626 0.000448591 
2014 CCI Heading 11 24853 1188032 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 11 24899 6040759 2 1 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 11 24910 10574718 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 11 24619 2283238 1 2 0.0603015 1.33109 0.412524 0.00125234 2.902277748 0.200798972 
2014 CCI Heading 11 24633 17061911 1 2 0.0603015 1.33109 0.412524 0.00125234 2.902277748 0.200798972 
2014 CCI Heading 11 24634 17390755 1 2 0.0603015 1.33109 0.412524 0.00125234 2.902277748 0.200798972 
2013 CT GF 11 24364 9437980 1 2 0.0127119 -0.0879595 0.0251239 0.000463472 3.333976498 0.0001942 
2013 Grain Moisture 11 25051 2493996 2 1 0.264831 0.00910048 0.00268846 0.00071174 3.147678626 3.22489E-05 
2013 Grain Moisture 11 25136 210667 1 2 0.241525 -0.0140661 0.00348822 5.51955E-05 4.258096328 7.24904E-05 
2014 Grain Protein 11 25145 7009 2 1 0.170854 0.202407 0.058511 0.000541576 3.26634059 0.01160746 
2014 Grain Protein 11 24197 383187 2 1 0.0552764 -0.603295 0.13215 4.98919E-06 5.301969957 0.038013159 
2013 Heading days 11 24540 112014 1 2 0.0233051 0.895136 0.270537 0.000937158 3.028187183 0.036476901 
2013 Heading days 11 24541 112257 2 1 0.0233051 0.895136 0.270537 0.000937158 3.028187183 0.036476901 
2013 Heading days 11 24542 114549 1 2 0.0233051 0.895136 0.270537 0.000937158 3.028187183 0.036476901 
2013 NDVI Flowering 11 25047 2031038 1 2 0.438559 0.000470244 0.000140232 0.000798473 3.097739765 1.08895E-07 
2013 NDVI Flowering 11 25045 1613254 1 2 0.438559 0.000454905 0.00013891 0.00105731 2.97579766 1.01907E-07 
2013 NDVI Flowering 11 25019 348197 2 1 0.258475 -0.000454875 0.000141986 0.00135688 2.867458559 7.93156E-08 
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2013 NDVI Flowering 11 25012 216115 2 1 0.256356 -0.000466661 0.000139935 0.000853484 3.068804616 8.30312E-08 
2014 NDVI GF 11 25104 474119 1 2 0.160804 0.00933587 0.00276373 0.000730165 3.136578989 2.35234E-05 
2013 NDVI Heading 11 25047 2031038 1 2 0.438559 0.000470244 0.000140232 0.000798473 3.097739765 1.08895E-07 
2013 NDVI Heading 11 25045 1613254 1 2 0.438559 0.000454905 0.00013891 0.00105731 2.97579766 1.01907E-07 
2013 NDVI Heading 11 25019 348197 2 1 0.258475 -0.000454875 0.000141986 0.00135688 2.867458559 7.93156E-08 
2013 NDVI Heading 11 25012 216115 2 1 0.256356 -0.000466661 0.000139935 0.000853484 3.068804616 8.30312E-08 
2014 NDVI Heading days 11 24197 383187 2 1 0.0552764 2.45992 0.711439 0.000544872 3.263705509 0.631999127 
2015 Plant Height 11 24412 3470674 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2013 TKW 11 25120 238556 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24219 454132 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24854 1188118 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24883 1245892 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24342 2477314 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24874 3813285 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24924 4436438 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24926 4868371 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24872 12712421 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 11 24853 1188032 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 11 24858 10162837 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 11 24868 12584891 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 11 24869 12587850 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 11 24619 2283238 1 2 0.0572034 4.01398 1.0412 0.000115663 3.936805547 1.737881878 
2015 TKW 11 25093 220360 1 2 0.191919 2.06967 0.630221 0.00102332 2.989988538 1.328633114 
2014 TKW 11 24826 2363416 2 1 0.442211 -1.07242 0.258751 3.40417E-05 4.46798876 0.567360755 
2013 TKW 11 24902 7648670 2 1 0.20339 -3.12228 0.730805 1.93396E-05 4.713552513 3.15899574 
2013 Yield 11 24902 7648670 2 1 0.20339 0.261341 0.0796529 0.00103443 2.985298893 0.022131989 
2014 CCI Heading 12 29219 1658606 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 12 29281 2207289 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 12 29267 2311131 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 12 29296 4815250 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 12 29593 1152945 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 12 29606 1856166 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 12 27810 8279539 1 2 0.261307 1.03866 0.314338 0.000952266 3.021241722 0.416477781 
2014 CCI Heading 12 27691 6476298 1 2 0.256281 1.03458 0.314446 0.00100133 2.999422772 0.408021868 
2015 CCI milky stage 12 27791 5320427 2 1 0.116162 2.07965 0.489619 2.16173E-05 4.66519855 0.888070098 
2015 CCI milky stage 12 28655 5637098 2 1 0.010101 1.40103 0.421588 0.000889852 3.050682219 0.039253657 
2013 Grain Moisture 12 29071 566641 1 2 0.0211864 0.0188644 0.00365743 2.49831E-07 6.602353674 1.47596E-05 
2013 Grain Moisture 12 29547 312819 2 1 0.0360169 0.0107873 0.00287656 0.000176795 3.752530022 8.08037E-06 
2013 Grain Protein 12 27796 6511897 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 12 27811 8279744 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 12 27812 8280346 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 12 29375 756288 2 1 0.207627 0.94592 0.199096 2.02335E-06 5.693928986 0.294409832 
2013 Grain Protein 12 28234 3339035 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27714 4389079 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27718 4519646 1 2 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27719 4519768 1 2 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27720 4519903 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27722 4520110 1 2 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27724 4521314 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
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2013 Grain Protein 12 28235 5173359 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27727 5461443 1 2 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27728 5462479 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27729 5464677 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 28238 5659621 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 27779 7771117 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 28247 9693712 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2013 Grain Protein 12 28269 1556429 1 2 0.211864 0.694047 0.185132 0.000177591 3.750579047 0.160866677 
2013 Grain Protein 12 29531 1832645 1 2 0.381356 0.649136 0.176104 0.000227723 3.642593103 0.198825817 
2013 Grain Protein 12 27791 5320427 2 1 0.15678 0.532686 0.157965 0.000745748 3.127407903 0.075024675 
2014 Grain Protein 12 28027 3746451 1 2 0.266332 0.46325 0.113395 0.00004402 4.356349962 0.083865585 
2014 Grain Protein 12 27597 156090 2 1 0.386935 0.351085 0.0874623 5.96649E-05 4.224281083 0.058478885 
2013 Grain Protein 12 27944 367792 1 2 0.370763 0.206879 0.04798 1.61946E-05 4.790629774 0.019969788 
2014 Grain Protein 12 28891 2674428 1 2 0.427136 -0.101171 0.0312532 0.0012074 2.918148828 0.005009101 
2015 Grain Protein 12 28328 2797831 1 2 0.136364 -0.342077 0.0861131 7.11489E-05 4.14783181 0.02756184 
2014 Grain Protein 12 28221 2327062 1 2 0.160804 -0.36349 0.10504 0.000539191 3.268257366 0.035659495 
2015 Grain Test Weight 12 27791 5320427 2 1 0.116162 2.00136 0.332826 1.81841E-09 8.740308189 0.82246453 
2013 Grain Test weight 12 27791 5320427 2 1 0.15678 0.890282 0.270011 0.000976525 3.010316634 0.209564029 
2013 Grain Test weight 12 29240 8311868 1 2 0.228814 -0.663068 0.197879 0.000805577 3.093892942 0.155162891 
2013 Grain Test weight 12 29241 8320182 1 2 0.228814 -0.663068 0.197879 0.000805577 3.093892942 0.155162891 
2013 Ground Cover rate 12 28316 1935753 2 1 0.334746 0.153371 0.0458231 0.000816842 3.08786194 0.010476576 
2013 Ground Cover rate 12 28317 1935811 2 1 0.334746 0.153371 0.0458231 0.000816842 3.08786194 0.010476576 
2013 Ground Cover rate 12 28320 1936099 2 1 0.334746 0.153371 0.0458231 0.000816842 3.08786194 0.010476576 
2013 Ground Cover rate 12 29104 1483873 1 2 0.40678 -0.170673 0.0507116 0.000763863 3.116984526 0.014058372 
2013 Heading days 12 28059 2925074 1 2 0.0444915 -0.894726 0.212346 0.000025142 4.599600178 0.068064665 
2015 Heading days 12 29399 2847687 1 2 0.333333 -1.15696 0.275427 2.66195E-05 4.574800106 0.594913677 
2015 Heading days 12 28328 2797831 1 2 0.136364 -1.7402 0.465291 0.000184 3.735182177 0.713277942 
2013 Heading days 12 29531 1832645 1 2 0.381356 -1.89273 0.592502 0.00140084 2.853611466 1.690358089 
2013 Heading days 12 29348 1895137 1 2 0.213983 -2.2244 0.684394 0.00115333 2.938046411 1.664435536 
2013 Heading days 12 29375 756288 2 1 0.207627 -2.63197 0.680111 0.000108877 3.963063854 2.279320322 
2013 Heading days 12 27796 6511897 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 12 27811 8279744 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 12 27812 8280346 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 12 29188 1718941 1 2 0.0190678 0.00434002 0.00105291 3.76E-05 4.425124127 7.04617E-07 
2013 NDVI Flowering 12 29240 8311868 1 2 0.228814 0.000993169 0.00026458 0.000174204 3.758941877 3.48111E-07 
2013 NDVI Flowering 12 29241 8320182 1 2 0.228814 0.000993169 0.00026458 0.000174204 3.758941877 3.48111E-07 
2014 NDVI GF 12 28311 501706 1 2 0.0150754 0.0108264 0.0032211 0.000776334 3.109951393 3.48073E-06 
2014 NDVI GF 12 28312 502316 1 2 0.0150754 0.0108264 0.0032211 0.000776334 3.109951393 3.48073E-06 
2014 NDVI GF 12 28315 503265 1 2 0.0150754 0.0108264 0.0032211 0.000776334 3.109951393 3.48073E-06 
2013 NDVI Heading 12 29240 8311868 1 2 0.228814 0.000993169 0.00026458 0.000174204 3.758941877 3.48111E-07 
2013 NDVI Heading 12 29241 8320182 1 2 0.228814 0.000993169 0.00026458 0.000174204 3.758941877 3.48111E-07 
2015 NDVI heading 12 29675 712376 1 2 0.020202 -0.00609124 0.00160531 0.000147973 3.829817521 1.46883E-06 
2014 NDVI Heading days 12 28328 2797831 1 2 0.135678 -1.39098 0.408982 0.000671178 3.173162287 0.453791929 
2014 NDVI Heading days 12 27597 156090 2 1 0.386935 -1.88182 0.4713 6.52891E-05 4.185159318 1.680082831 
2014 NDVI Heading days 12 28027 3746451 1 2 0.266332 -2.03256 0.611011 0.000879256 3.055884659 1.614506033 
2015 Plant Height 12 28513 1367191 1 2 0.368687 4.37763 1.16517 0.000171907 3.764706439 8.920940782 
2013 Plant Height 12 29046 2477149 1 2 0.230932 -0.843021 0.253727 0.000891977 3.049646344 0.252438529 
2013 Plant Height 12 27791 5320427 2 1 0.15678 -2.71918 0.742542 0.000250259 3.601610295 1.95495817 
2015 Plant Height 12 27791 5320427 2 1 0.116162 -3.39353 1.04077 0.00111179 2.953977237 2.36466777 
 407 
 
2015 Plant Height 12 28487 4665943 1 2 0.434343 -4.29219 1.10744 0.000106283 3.973536195 9.052611132 
2015 Screening 12 27622 969261 1 2 0.116162 0.689832 0.17416 7.46657E-05 4.126878859 0.097713241 
2013 Screening 12 27666 960620 1 2 0.375 -0.445645 0.131065 0.000673388 3.171734627 0.0930935 
2015 Screening 12 29399 2847687 1 2 0.333333 -0.561007 0.142165 7.94126E-05 4.100110585 0.139879421 
2015 Screening 12 28328 2797831 1 2 0.136364 -1.12562 0.250374 6.93204E-06 5.15913894 0.298431091 
2013 TKW 12 29300 184288 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 27563 1715036 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 29002 6831337 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 27814 8496152 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 29318 8761885 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 29320 12622576 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 12 29324 2821933 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 12 29326 3499575 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 12 29000 5932290 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 12 29296 4815250 1 2 0.0529661 4.60063 1.22898 0.000181503 3.741116192 2.123381999 
2013 TKW 12 29673 189124 1 2 0.0550847 4.54228 1.17776 0.000114924 3.939589267 2.147838729 
2013 TKW 12 28984 1768457 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 12 28986 2569512 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 12 28990 4974411 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 12 28992 5117092 1 2 0.0529661 4.46341 1.24266 0.000328393 3.483606109 1.998605514 
2013 TKW 12 28995 5277225 1 2 0.0550847 3.96732 1.09633 0.000296041 3.528648137 1.638507104 
2013 TKW 12 28997 5447965 1 2 0.0550847 3.96732 1.09633 0.000296041 3.528648137 1.638507104 
2015 TKW 12 29240 8311868 1 2 0.257576 3.8022 0.741216 2.90227E-07 6.537262187 5.529136453 
2015 TKW 12 29241 8320182 1 2 0.257576 3.8022 0.741216 2.90227E-07 6.537262187 5.529136453 
2013 TKW 12 29018 1845658 2 1 0.235169 3.51463 0.868212 5.16306E-05 4.287092828 4.443598116 
2014 TKW 12 29240 8311868 1 2 0.256281 3.19567 0.659833 1.27791E-06 5.893499731 3.892952759 
2014 TKW 12 29241 8320182 1 2 0.256281 3.19567 0.659833 1.27791E-06 5.893499731 3.892952759 
2015 TKW 12 29174 942760 1 2 0.19697 2.77612 0.689132 5.61505E-05 4.250646372 2.438025931 
2013 TKW 12 29240 8311868 1 2 0.228814 2.61911 0.551336 2.02935E-06 5.692643044 2.420913116 
2013 TKW 12 29241 8320182 1 2 0.228814 2.61911 0.551336 2.02935E-06 5.692643044 2.420913116 
2015 TKW 12 28655 5637098 2 1 0.010101 2.59521 0.749776 0.000537535 3.269593253 0.134688422 
2013 TKW 12 29124 856337 1 2 0.264831 2.53543 0.70784 0.00034107 3.467156479 2.503163695 
2014 TKW 12 28655 5637098 2 1 0.0100503 2.24407 0.659315 0.000664932 3.177222766 0.100206282 
2014 TKW 12 29174 942760 1 2 0.19598 2.09791 0.609892 0.000582154 3.234962114 1.387018671 
2013 TKW 12 29074 178267 1 2 0.457627 2.05156 0.507658 5.31724E-05 4.274313737 2.089335306 
2014 CCI anthesis 13 33285 323721 1 2 0.306533 0.60275 0.182199 0.000938987 3.02734042 0.154456955 
2014 CCI anthesis 13 33896 940104 2 1 0.437186 -0.658149 0.199393 0.000964223 3.015822513 0.213161901 
2014 CCI Heading 13 34662 266668 1 2 0.477387 -0.281593 0.0864886 0.00113057 2.946702543 0.039566215 
2013 CT Booting 13 33654 15133121 1 2 0.0190678 -0.0370369 0.0110252 0.000781388 3.107133263 5.13144E-05 
2013 CT GF 13 34091 1523083 2 1 0.0317797 0.0588487 0.0181263 0.00116798 2.932564594 0.000213122 
2015 Grain Moisture 13 33152 324817 1 2 0.141414 0.0403741 0.0114891 0.000441197 3.355367449 0.000395833 
2013 Grain Moisture 13 33229 536969 1 2 0.141949 0.010208 0.00261531 9.49332E-05 4.02258188 2.53838E-05 
2014 Grain Protein 13 34091 1523083 2 1 0.0100503 0.374478 0.10501 0.000362296 3.440936461 0.002790453 
2015 Grain Protein 13 33375 1212200 2 1 0.29798 0.223223 0.0624799 0.000353287 3.451872343 0.020847044 
2014 Grain Protein 13 33148 293013 2 1 0.336683 -0.420407 0.0726524 7.18444E-09 8.143607078 0.078942739 
2013 Grain Protein 13 34590 900349 1 2 0.379237 -0.509869 0.154438 0.000961893 3.016873236 0.122400654 
2013 Grain Protein 13 34591 900519 1 2 0.379237 -0.509869 0.154438 0.000961893 3.016873236 0.122400654 
2015 Grain Test Weight 13 34635 536347 2 1 0.343434 0.553635 0.166928 0.000911164 3.040403448 0.138228867 
2015 Grain Test Weight 13 33991 10095868 1 2 0.489899 -0.422305 0.124646 0.000703961 3.1524514 0.089134364 
 408 
 
2015 Grain Test Weight 13 33106 140213 1 2 0.0808081 -1.12363 0.23891 2.56191E-06 5.591436131 0.187558924 
2014 Grain WUE 13 33590 226798 1 2 0.0753769 -0.631952 0.18506 0.000638176 3.195059532 0.055667433 
2013 Ground Cover rate 13 33101 169418 1 2 0.434322 -0.168403 0.0441817 0.000138074 3.859888093 0.013935122 
2013 Ground Cover rate 13 33239 1516515 1 2 0.0487288 -0.255291 0.0630474 5.14E-05 4.289074905 0.006042144 
2015 Heading days 13 33121 266955 1 2 0.313131 -1.4008 0.343571 4.55881E-05 4.341148508 0.844077343 
2013 Heading days 13 34446 3391109 1 2 0.413136 -1.72598 0.494012 0.000476203 3.322207873 1.444548153 
2013 Heading days 13 34324 4295643 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 13 34325 4506583 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 NDVI Booting 13 34675 758166 1 2 0.0317797 0.00854836 0.00167472 3.32E-07 6.478986205 4.49697E-06 
2013 NDVI Booting 13 34713 891532 1 2 0.0169492 0.00573873 0.00111956 2.96E-07 6.528532259 1.09746E-06 
2013 NDVI Booting 13 34626 1599403 1 2 0.0360169 0.00374079 0.000807522 3.61E-06 5.442009448 9.717E-07 
2014 NDVI Heading days 13 33148 293013 2 1 0.336683 1.35027 0.390422 0.000543214 3.265029046 0.814354591 
2015 Plant Height 13 33133 536219 2 1 0.368687 -2.33386 0.715658 0.00110965 2.954813983 2.535608238 
2015 Plant Height 13 34127 1154336 2 1 0.308081 -3.65078 1.12028 0.00111877 2.951259188 5.682265118 
2015 Plant Height 13 33346 3747084 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 13 33375 1212200 2 1 0.29798 0.636495 0.157111 5.09463E-05 4.292887351 0.169494882 
2013 Screening 13 33241 1603288 1 2 0.188559 -0.625362 0.184072 0.000680346 3.167270164 0.119673278 
2013 Screening 13 33400 1732553 2 1 0.25 -0.688493 0.1803 0.000134213 3.872205416 0.177758479 
2013 TKW 13 33930 1669436 1 2 0.059322 3.85595 0.96825 6.82264E-05 4.166047544 1.659394151 
2015 TKW 13 33901 3729208 2 1 0.0454545 2.95826 0.777055 0.000140652 3.851854088 0.759409801 
2013 TKW 13 34000 16999642 2 1 0.233051 2.83289 0.821732 0.000565887 3.247270283 2.868843614 
2013 TKW 13 34424 3432467 2 1 0.415254 2.75661 0.770295 0.000345376 3.461707845 3.69030052 
2014 TKW 13 33901 3729208 2 1 0.0452261 2.27627 0.676339 0.000763834 3.117001014 0.447473398 
2014 TKW 13 33148 293013 2 1 0.336683 2.16726 0.504033 1.70925E-05 4.767194411 2.09794618 
2013 TKW 13 33170 49281 1 2 0.25 1.63995 0.38077 1.65543E-05 4.781089179 1.008538501 
2013 TKW 13 33106 140213 1 2 0.0762712 1.56471 0.34657 6.33638E-06 5.198158785 0.344987036 
2015 TKW 13 33375 1212200 2 1 0.29798 -1.564 0.472771 0.000939153 3.02726365 1.023387467 
2013 TKW 13 33220 356433 2 1 0.398305 -1.93939 0.451002 1.70656E-05 4.767878438 1.802820386 
2013 TKW 13 34428 3781351 1 2 0.434322 -3.50322 0.599658 5.15672E-09 8.287626449 6.030397445 
2013 TKW 13 34006 18036932 2 1 0.199153 -3.69306 1.03422 0.000355808 3.448784291 4.350499557 
2013 TKW 13 33699 4503265 2 1 0.197034 -4.09884 1.08146 0.000150581 3.822229823 5.316064696 
2015 CCI milky stage 14 38893 1366898 1 2 0.010101 1.35861 0.406727 0.000836728 3.077415698 0.03691262 
2013 CT Flowering 14 38998 5264173 1 2 0.209746 -0.0169422 0.00459141 0.000224273 3.649223008 9.51546E-05 
2013 Grain Moisture 14 39358 3067086 2 1 0.0635593 0.0381995 0.00511732 8.34645E-14 13.0784982 0.000173702 
2013 Grain Moisture 14 38699 1957298 2 1 0.152542 -0.0132258 0.00370694 0.000359933 3.443778334 4.52253E-05 
2013 Grain Protein 14 38760 8018187 1 2 0.211864 0.758987 0.228877 0.000912709 3.039667667 0.192378708 
2013 Grain Protein 14 38739 5170025 2 1 0.211864 0.728992 0.17526 3.18968E-05 4.496252885 0.177473639 
2015 Grain Protein 14 38682 579396 2 1 0.0151515 0.690107 0.119942 8.73175E-09 8.058898707 0.014213071 
2015 Grain Protein 14 38646 376518 2 1 0.0606061 0.648113 0.115447 1.97739E-08 7.703907666 0.047829466 
2015 Grain Protein 14 38648 378485 2 1 0.0606061 0.648113 0.115447 1.97739E-08 7.703907666 0.047829466 
2015 Grain Protein 14 38685 938870 1 2 0.0606061 0.648113 0.115447 1.97739E-08 7.703907666 0.047829466 
2015 Grain Protein 14 38688 1153224 1 2 0.0959596 0.585658 0.108728 7.18669E-08 7.143471088 0.059510613 
2015 Grain Protein 14 38689 1153482 1 2 0.0959596 0.585658 0.108728 7.18669E-08 7.143471088 0.059510613 
2015 Grain Protein 14 38650 378693 1 2 0.0555556 0.534572 0.105545 4.08646E-07 6.388652748 0.029987941 
2015 Grain Protein 14 38687 960614 1 2 0.0555556 0.534572 0.105545 4.08646E-07 6.388652748 0.029987941 
2015 Grain Protein 14 38696 121635 1 2 0.313131 0.395736 0.10045 8.16069E-05 4.088273119 0.067366052 
2015 Grain Protein 14 38677 1227598 2 1 0.313131 0.395736 0.10045 8.16069E-05 4.088273119 0.067366052 
2015 Grain Protein 14 38684 938808 2 1 0.363636 0.325956 0.0892366 0.000259485 3.585887742 0.04917229 
2015 Grain Protein 14 38686 960280 2 1 0.363636 0.325956 0.0892366 0.000259485 3.585887742 0.04917229 
 409 
 
2015 Grain Protein 14 40252 391525 1 2 0.176768 -0.166209 0.0469878 0.000404285 3.393312372 0.008040165 
2015 Grain Protein 14 38702 6072744 1 2 0.474747 -0.338124 0.0954443 0.000396158 3.40213157 0.057018103 
2015 Grain Test Weight 14 38893 1366898 1 2 0.010101 1.10287 0.265839 3.34466E-05 4.475648024 0.024323939 
2013 Grain Test weight 14 40232 699098 1 2 0.0614407 -0.275032 0.0647924 2.18775E-05 4.660002307 0.008723973 
2015 Grain Test Weight 14 38688 1153224 1 2 0.0959596 -1.07612 0.302644 0.000376923 3.423747361 0.200922082 
2015 Grain Test Weight 14 38689 1153482 1 2 0.0959596 -1.07612 0.302644 0.000376923 3.423747361 0.200922082 
2015 Grain WUE 14 38688 1153224 1 2 0.0959596 -0.53915 0.147443 0.000255526 3.592564903 0.05043424 
2015 Grain WUE 14 38689 1153482 1 2 0.0959596 -0.53915 0.147443 0.000255526 3.592564903 0.05043424 
2015 Grain WUE 14 38646 376518 2 1 0.0606061 -0.595964 0.166228 0.000336798 3.472630496 0.040442139 
2015 Grain WUE 14 38648 378485 2 1 0.0606061 -0.595964 0.166228 0.000336798 3.472630496 0.040442139 
2015 Grain WUE 14 38685 938870 1 2 0.0606061 -0.595964 0.166228 0.000336798 3.472630496 0.040442139 
2013 Ground Cover rate 14 38692 45532 1 2 0.177966 0.164565 0.0488326 0.000751738 3.123933496 0.007923768 
2015 Heading days 14 38682 579396 2 1 0.0151515 3.51181 0.649691 6.46802E-08 7.189228646 0.36805869 
2015 Heading days 14 38646 376518 2 1 0.0606061 3.2491 0.627333 2.22807E-07 6.652071169 1.202043615 
2015 Heading days 14 38648 378485 2 1 0.0606061 3.2491 0.627333 2.22807E-07 6.652071169 1.202043615 
2015 Heading days 14 38685 938870 1 2 0.0606061 3.2491 0.627333 2.22807E-07 6.652071169 1.202043615 
2015 Heading days 14 38688 1153224 1 2 0.0959596 3.02691 0.593965 3.46697E-07 6.460049916 1.589663782 
2015 Heading days 14 38689 1153482 1 2 0.0959596 3.02691 0.593965 3.46697E-07 6.460049916 1.589663782 
2015 Heading days 14 38696 121635 1 2 0.313131 2.7064 0.551183 9.10016E-07 6.040950972 3.15075001 
2015 Heading days 14 38677 1227598 2 1 0.313131 2.7064 0.551183 9.10016E-07 6.040950972 3.15075001 
2015 Heading days 14 38650 378693 1 2 0.0555556 2.42272 0.576092 2.60578E-05 4.584062254 0.615943225 
2015 Heading days 14 38687 960614 1 2 0.0555556 2.42272 0.576092 2.60578E-05 4.584062254 0.615943225 
2015 Heading days 14 38684 938808 2 1 0.363636 1.91752 0.492159 9.77361E-05 4.009944995 1.701697165 
2015 Heading days 14 38686 960280 2 1 0.363636 1.91752 0.492159 9.77361E-05 4.009944995 1.701697165 
2013 Heading days 14 38744 5171620 1 2 0.213983 -2.25518 0.696609 0.00120639 2.918512271 1.710817285 
2013 Heading days 14 38754 7021859 1 2 0.213983 -2.25518 0.696609 0.00120639 2.918512271 1.710817285 
2013 Heading days 14 38800 17928341 2 1 0.216102 -2.34159 0.663183 0.000414248 3.38273958 1.857676331 
2015 Heading days 14 38702 6072744 1 2 0.474747 -2.39196 0.524858 5.18022E-06 5.285651796 2.853438994 
2013 Heading days 14 38739 5170025 2 1 0.211864 -2.50746 0.60526 3.43115E-05 4.464560295 2.099695686 
2013 NDVI Booting 14 39685 431598 2 1 0.059322 -0.00725058 0.00214855 0.000739124 3.131282696 5.86722E-06 
2013 NDVI Flowering 14 40079 111444 1 2 0.205508 -0.000775762 0.000224963 0.000563918 3.248784043 1.96519E-07 
2013 NDVI Heading 14 40079 111444 1 2 0.205508 -0.000775762 0.000224963 0.000563918 3.248784043 1.96519E-07 
2014 NDVI Heading days 14 38682 579396 2 1 0.0150754 2.358 0.573563 3.93716E-05 4.404816936 0.165116102 
2014 NDVI Heading days 14 38685 938870 1 2 0.0603015 2.15938 0.559426 0.000113391 3.945421415 0.528451085 
2014 NDVI Heading days 14 38646 376518 2 1 0.0653266 2.12455 0.54747 0.000104169 3.982261505 0.551205887 
2014 NDVI Heading days 14 38648 378485 2 1 0.0653266 2.12455 0.54747 0.000104169 3.982261505 0.551205887 
2014 NDVI Heading days 14 38688 1153224 1 2 0.0954774 2.00639 0.535968 0.000181478 3.741176016 0.69531358 
2014 NDVI Heading days 14 38689 1153482 1 2 0.0954774 2.00639 0.535968 0.000181478 3.741176016 0.69531358 
2014 NDVI Heading days 14 38696 121635 1 2 0.316583 1.86705 0.497318 0.000173874 3.759765355 1.508395613 
2014 NDVI Heading days 14 38677 1227598 2 1 0.311558 1.85866 0.502512 0.000216678 3.664185182 1.481958922 
2014 NDVI Heading days 14 38702 6072744 1 2 0.472362 -1.74128 0.478494 0.000273621 3.562850574 1.511395892 
2015 Plant Height 14 38733 4682385 2 1 0.262626 3.0108 0.851041 0.000403497 3.39415969 3.510907194 
2015 Plant Height 14 40110 447574 1 2 0.287879 -2.83656 0.708469 0.000062337 4.205254102 3.298965113 
2015 Plant Height 14 39035 7503434 1 2 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2015 Screening 14 38682 579396 2 1 0.0151515 2.86117 0.339487 3.51858E-17 16.45363257 0.244310639 
2015 Screening 14 38646 376518 2 1 0.0606061 2.28462 0.313511 3.16419E-13 12.49973745 0.594322289 
2015 Screening 14 38648 378485 2 1 0.0606061 2.28462 0.313511 3.16419E-13 12.49973745 0.594322289 
2015 Screening 14 38685 938870 1 2 0.0606061 2.28462 0.313511 3.16419E-13 12.49973745 0.594322289 
2015 Screening 14 38688 1153224 1 2 0.0959596 1.81859 0.268756 1.31752E-11 10.88024278 0.573820237 
 410 
 
2015 Screening 14 38689 1153482 1 2 0.0959596 1.81859 0.268756 1.31752E-11 10.88024278 0.573820237 
2015 Screening 14 38650 378693 1 2 0.0555556 1.72183 0.279483 7.24013E-10 9.140253636 0.311110576 
2015 Screening 14 38687 960614 1 2 0.0555556 1.72183 0.279483 7.24013E-10 9.140253636 0.311110576 
2015 Screening 14 38696 121635 1 2 0.313131 1.29479 0.233704 3.0199E-08 7.520007438 0.721155051 
2015 Screening 14 38677 1227598 2 1 0.313131 1.29479 0.233704 3.0199E-08 7.520007438 0.721155051 
2015 Screening 14 38684 938808 2 1 0.363636 0.872769 0.202723 1.66806E-05 4.777788332 0.35253407 
2015 Screening 14 38686 960280 2 1 0.363636 0.872769 0.202723 1.66806E-05 4.777788332 0.35253407 
2015 Screening 14 39975 713553 1 2 0.0757576 0.713324 0.146353 1.09363E-06 5.961129585 0.071255069 
2015 Screening 14 40247 387559 1 2 0.0353535 0.673263 0.165001 4.49685E-05 4.347091599 0.030917196 
2013 Screening 14 40109 446636 2 1 0.326271 0.281515 0.0795468 0.000401665 3.39613601 0.034841496 
2015 Screening 14 38702 6072744 1 2 0.474747 -1.03709 0.218834 2.14597E-06 5.668376354 0.53640604 
2013 TKW 14 39998 2780592 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 14 40000 2780922 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 14 40001 2780922 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 14 39845 687362 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 14 39848 756161 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 14 38710 5813480 1 2 0.254237 3.73804 1.09908 0.000671213 3.173139641 5.298555311 
2013 TKW 14 39659 2346820 1 2 0.256356 3.72954 1.05248 0.000394743 3.403685563 5.303335462 
2013 TKW 14 38712 10252787 1 2 0.256356 3.36933 0.920402 0.000251511 3.599443016 4.328382756 
2013 TKW 14 38739 5170025 2 1 0.211864 3.15699 0.912997 0.00054455 3.263962238 3.328394081 
2015 TKW 14 38702 6072744 1 2 0.474747 2.75756 0.713737 0.000111753 3.951740809 3.792370047 
2013 TKW 14 39917 1094696 2 1 0.444915 2.6429 0.579092 5.02206E-06 5.299118103 3.450070718 
2013 TKW 14 39663 2537519 2 1 0.243644 1.52959 0.400803 0.000135455 3.868204959 0.862307263 
2015 TKW 14 38892 698001 2 1 0.19697 -1.51411 0.429949 0.000428933 3.36761054 0.725231579 
2013 TKW 14 38939 4427698 1 2 0.20339 -2.12939 0.566523 0.000170806 3.767496878 1.469317889 
2013 TKW 14 38940 4429342 1 2 0.205508 -2.35129 0.624367 0.000165961 3.779993957 1.805346842 
2015 TKW 14 38650 378693 1 2 0.0555556 -2.44744 0.754006 0.00117076 2.931532124 0.628576791 
2015 TKW 14 38687 960614 1 2 0.0555556 -2.44744 0.754006 0.00117076 2.931532124 0.628576791 
2015 TKW 14 38696 121635 1 2 0.313131 -3.05326 0.737975 3.51346E-05 4.454264986 4.010121701 
2015 TKW 14 38677 1227598 2 1 0.313131 -3.05326 0.737975 3.51346E-05 4.454264986 4.010121701 
2015 TKW 14 38688 1153224 1 2 0.0959596 -3.53964 0.774038 4.80879E-06 5.317964188 2.173824364 
2015 TKW 14 38689 1153482 1 2 0.0959596 -3.53964 0.774038 4.80879E-06 5.317964188 2.173824364 
2015 TKW 14 38646 376518 2 1 0.0606061 -3.61966 0.795177 5.31353E-06 5.274616863 1.491865348 
2015 TKW 14 38648 378485 2 1 0.0606061 -3.61966 0.795177 5.31353E-06 5.274616863 1.491865348 
2015 TKW 14 38685 938870 1 2 0.0606061 -3.61966 0.795177 5.31353E-06 5.274616863 1.491865348 
2015 TKW 14 38682 579396 2 1 0.0151515 -3.91703 0.808349 1.26154E-06 5.899098975 0.457898108 
2015 Yield 14 38682 579396 2 1 0.0151515 -0.159988 0.0491488 0.0011332 2.945693434 0.000763888 
2015 Yield 14 38688 1153224 1 2 0.0959596 -0.160625 0.0415803 0.000112001 3.9507781 0.004476438 
2015 Yield 14 38689 1153482 1 2 0.0959596 -0.160625 0.0415803 0.000112001 3.9507781 0.004476438 
2015 Yield 14 38646 376518 2 1 0.0606061 -0.17681 0.0462352 0.000131222 3.881993347 0.003559653 
2015 Yield 14 38648 378485 2 1 0.0606061 -0.17681 0.0462352 0.000131222 3.881993347 0.003559653 
2015 Yield 14 38685 938870 1 2 0.0606061 -0.17681 0.0462352 0.000131222 3.881993347 0.003559653 
2013 Grain Protein 15 7201 1803278 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2014 Grain Protein 15 6697 66663 2 1 0.160804 0.473601 0.114223 3.37896E-05 4.471216949 0.060536244 
2013 Grain Protein 15 7308 1088152 2 1 0.430085 0.467813 0.137177 0.00064894 3.187795456 0.107284987 
2013 Grain Protein 15 7278 336744 2 1 0.432203 0.430615 0.121477 0.000392859 3.405763293 0.091010013 
2013 Grain Protein 15 7290 740595 2 1 0.432203 0.430615 0.121477 0.000392859 3.405763293 0.091010013 
2014 Grain Protein 15 7333 2482150 2 1 0.407035 0.366167 0.0980107 0.000186975 3.728216458 0.064721595 
2014 Grain Protein 15 6977 5688119 2 1 0.0150754 0.346616 0.103021 0.000766782 3.115328091 0.003567788 
 411 
 
2014 Grain Protein 15 7100 2913828 2 1 0.145729 -0.509094 0.125084 4.70064E-05 4.327843008 0.064530882 
2014 Grain WUE 15 7188 918262 1 2 0.0502513 -1.01683 0.305877 0.000886402 3.052369273 0.098692172 
2013 Heading days 15 7201 1803278 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2014 NDVI Heading days 15 7100 2913828 2 1 0.145729 2.3513 0.673679 0.000482601 3.316411783 1.376536501 
2014 NDVI Heading days 15 6697 66663 2 1 0.160804 -2.20154 0.615519 0.000347926 3.458513116 1.308107422 
2013 Plant Height 15 6999 1062030 1 2 0.0254237 -2.02137 0.563989 0.000338289 3.470712124 0.202477248 
2013 Plant Height 15 6709 216812 2 1 0.213983 -2.04141 0.601015 0.000682275 3.166040542 1.40185044 
2013 Plant Height 15 6710 216812 2 1 0.213983 -2.04141 0.601015 0.000682275 3.166040542 1.40185044 
2013 Plant Height 15 6849 1069647 1 2 0.0338983 -2.5451 0.581586 1.20803E-05 4.91792228 0.424268182 
2013 Plant Height 15 6851 2191400 1 2 0.029661 -2.6385 0.586692 6.88392E-06 5.162164185 0.400731488 
2013 Plant Height 15 6853 2191631 1 2 0.029661 -2.6385 0.586692 6.88392E-06 5.162164185 0.400731488 
2013 Plant Height 15 6857 2192268 1 2 0.029661 -2.6385 0.586692 6.88392E-06 5.162164185 0.400731488 
2013 Plant Height 15 6858 2192268 1 2 0.029661 -2.6385 0.586692 6.88392E-06 5.162164185 0.400731488 
2013 Plant Height 15 6859 2192947 1 2 0.029661 -2.6385 0.586692 6.88392E-06 5.162164185 0.400731488 
2013 Plant Height 15 6854 2191810 1 2 0.0317797 -2.64124 0.609932 1.48849E-05 4.827254079 0.429308715 
2013 Plant Height 15 6855 2191840 1 2 0.0317797 -2.64124 0.609932 1.48849E-05 4.827254079 0.429308715 
2013 TKW 15 6758 97825 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 15 6812 992095 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 15 7188 918262 1 2 0.0529661 4.23424 1.18245 0.000342389 3.465480196 1.798640872 
2013 TKW 15 6742 2202013 1 2 0.180085 1.36733 0.374053 0.000256739 3.590508155 0.552106745 
2014 Yield 15 7188 918262 1 2 0.0502513 -0.23886 0.0713811 0.000819102 3.086662014 0.00544594 
2015 CCI milky stage 16 16473 571578 1 2 0.191919 0.968949 0.298445 0.00116768 2.932676158 0.291208938 
2013 CT Booting 16 15762 4445207 1 2 0.0254237 -0.0319618 0.00963194 0.000905629 3.043049679 5.06229E-05 
2013 Grain Moisture 16 16242 348196 2 1 0.17161 0.0191624 0.00366102 1.65722E-07 6.780619834 0.000104402 
2013 Grain Protein 16 16624 16977 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 16 15679 626940 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 16 15680 626972 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2013 Grain Protein 16 15683 752285 1 2 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2014 Grain Protein 16 15690 189968 1 2 0.125628 0.315272 0.0788967 0.00006442 4.19097928 0.021836523 
2015 Grain Protein 16 16472 571347 1 2 0.166667 0.206538 0.0572254 0.000307145 3.51265655 0.011849448 
2015 Grain Protein 16 16593 1261056 1 2 0.181818 -0.448016 0.096324 3.30105E-06 5.481347897 0.059717806 
2014 Grain Protein 16 16421 10596 2 1 0.0150754 -0.535847 0.131414 4.55127E-05 4.3418674 0.008526748 
2013 Grain Protein 16 15688 1942536 2 1 0.226695 -0.722959 0.186538 0.000106334 3.973327849 0.183252578 
2013 Ground Cover rate 16 16489 2413757 2 1 0.419492 0.173356 0.0493031 0.000437892 3.358632989 0.014636581 
2015 Heading days 16 16593 1261056 1 2 0.181818 -2.41837 0.530099 5.06426E-06 5.295484006 1.740052237 
2013 Heading days 16 15682 505622 1 2 0.158898 -2.50182 0.691427 0.000296503 3.527970908 1.673051125 
2013 Heading days 16 16624 16977 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 16 15679 626940 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 16 15680 626972 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 Heading days 16 15683 752285 1 2 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI GF 16 16229 222337 2 1 0.0148305 -0.00758921 0.00231101 0.00102371 2.989823054 1.68302E-06 
2015 NDVI heading 16 15861 4034359 1 2 0.0606061 -0.00315642 0.000921994 0.000618266 3.208824636 1.13445E-06 
2015 NDVI heading 16 16063 248840 2 1 0.020202 -0.00558764 0.00164456 0.000679657 3.167710206 1.236E-06 
2014 NDVI Heading days 16 16421 10596 2 1 0.0150754 2.70468 0.707533 0.000132002 3.879419489 0.217236904 
2015 Plant Height 16 16444 313024 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 16 16448 442092 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 16 16451 443495 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 16 16471 571326 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
2015 Plant Height 16 16479 1563920 1 2 0.161616 4.25939 1.28766 0.000940158 3.026799154 4.916455864 
 412 
 
2015 Plant Height 16 16452 444439 1 2 0.166667 3.99937 1.23884 0.00124521 2.9047574 4.443051664 
2015 Plant Height 16 16436 494780 1 2 0.166667 3.99937 1.23884 0.00124521 2.9047574 4.443051664 
2013 Plant Height 16 16439 221096 2 1 0.377119 1.85915 0.4551 4.40466E-05 4.35608761 1.623836708 
2013 Plant Height 16 16440 221932 1 2 0.230932 -1.58866 0.442577 0.00033124 3.479857224 0.896480351 
2013 Plant Height 16 16616 409134 1 2 0.029661 -2.35524 0.584925 5.65961E-05 4.247213495 0.31930786 
2013 Plant Height 16 16577 607778 1 2 0.0275424 -2.73738 0.601246 5.29234E-06 5.276352263 0.401395622 
2013 Plant Height 16 16578 607778 1 2 0.0275424 -2.73738 0.601246 5.29234E-06 5.276352263 0.401395622 
2015 Screening 16 16047 12125831 2 1 0.0353535 0.698243 0.169569 3.82605E-05 4.417249359 0.033253992 
2015 Screening 16 16443 307918 1 2 0.136364 0.65977 0.1651 0.000064371 4.191309744 0.102528734 
2015 Screening 16 16593 1261056 1 2 0.181818 -0.839398 0.219289 0.000129285 3.88845186 0.209629623 
2015 TKW 16 16593 1261056 1 2 0.181818 2.69778 0.722623 0.000188978 3.723588752 2.165358724 
2015 TKW 16 16473 571578 1 2 0.191919 2.29632 0.55689 3.73217E-05 4.428038582 1.635564516 
2015 TKW 16 16595 1261779 2 1 0.0151515 2.01286 0.620948 0.0011886 2.924964274 0.12091556 
2014 TKW 16 16473 571578 1 2 0.190955 1.93419 0.482177 6.03693E-05 4.21918386 1.155931172 
2013 TKW 16 15948 11929874 2 1 0.447034 1.53281 0.464077 0.000956809 3.019174748 1.16157065 
2014 TKW 16 16437 496573 2 1 0.396985 -0.935944 0.232536 5.69908E-05 4.244195247 0.419403391 
2015 TKW 16 16437 496573 2 1 0.393939 -1.28732 0.254413 4.19384E-07 6.377388142 0.791313081 
2014 TKW 16 16623 2804 2 1 0.427136 -1.52495 0.458695 0.000885672 3.052727085 1.138043628 
2014 TKW 16 15690 189968 1 2 0.125628 -2.40086 0.543126 9.84983E-06 5.006571265 1.266328424 
2013 Yield 16 15947 10651854 1 2 0.0317797 0.153203 0.0425533 0.000317904 3.497704008 0.001444403 
2014 CCI anthesis 17 21811 1055749 1 2 0.0251256 0.702086 0.20857 0.000762152 3.117958406 0.024147698 
2014 CCI Heading 17 21856 5145999 2 1 0.0100503 -1.65465 0.50802 0.00112571 2.948573476 0.054479666 
2013 CT Flowering 17 22122 5216282 1 2 0.264831 0.0109189 0.00333184 0.0010487 2.979348732 4.64241E-05 
2015 Grain Moisture 17 21733 1063625 2 1 0.0151515 -0.0407734 0.0106 0.000119798 3.921550432 4.96145E-05 
2013 Grain Protein 17 21913 9000881 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2014 Grain Protein 17 22091 2469307 2 1 0.170854 0.287972 0.0891053 0.00123006 2.910073704 0.023495608 
2013 Grain Test weight 17 22025 986638 1 2 0.28178 0.190689 0.0574001 0.000893421 3.048943844 0.014718005 
2013 Grain Test weight 17 21943 2657195 1 2 0.0275424 -0.511356 0.136601 0.000181523 3.74106834 0.01400713 
2013 Heading days 17 21893 2747871 1 2 0.254237 1.40122 0.427002 0.0010325 2.98610994 0.744530063 
2015 Heading days 17 22051 1338916 1 2 0.141414 0.800518 0.242031 0.000941313 3.026265943 0.155613908 
2013 Heading days 17 21913 9000881 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 17 22036 913378 2 1 0.0614407 0.0116391 0.00166984 3.16E-12 11.49969764 1.56238E-05 
2014 NDVI GF 17 22027 448923 2 1 0.155779 0.00935215 0.00279472 0.00081879 3.08682747 2.30048E-05 
2013 NDVI GF 17 22036 913378 2 1 0.0614407 0.00837432 0.00249301 0.000781907 3.106844899 8.08811E-06 
2014 NDVI GF 17 21917 626317 2 1 0.231156 0.00714685 0.00214052 0.000841314 3.075041884 1.81553E-05 
2014 NDVI GF 17 21893 2747871 1 2 0.231156 0.00714685 0.00214052 0.000841314 3.075041884 1.81553E-05 
2014 NDVI GF 17 21887 3368791 1 2 0.231156 0.00714685 0.00214052 0.000841314 3.075041884 1.81553E-05 
2014 NDVI Heading days 17 21722 252583 1 2 0.346734 0.637684 0.196088 0.00114585 2.940872231 0.184216074 
2015 Plant Height 17 22008 1774640 2 1 0.151515 4.43414 1.36885 0.00119817 2.921481559 5.055319365 
2013 Plant Height 17 21966 7975734 2 1 0.186441 -2.29052 0.711438 0.00128384 2.891489097 1.591580647 
2013 Plant Height 17 21970 11570881 2 1 0.186441 -2.29052 0.711438 0.00128384 2.891489097 1.591580647 
2015 Plant Height 17 21983 2243406 2 1 0.0454545 -5.25171 1.52177 0.000558411 3.253046035 2.393343243 
2013 TKW 17 22033 643761 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 17 21738 1234636 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 17 21741 1237036 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 17 21751 1593602 1 2 0.0529661 4.79515 1.2638 0.000148108 3.829421483 2.306736095 
2013 TKW 17 21956 9032941 1 2 0.432203 3.49831 0.749086 3.01038E-06 5.52137868 6.00658254 
2013 TKW 17 21884 473020 2 1 0.260593 -2.78611 0.800844 0.000503346 3.298133378 2.991388482 
2013 TKW 17 21917 626317 2 1 0.256356 -3.10785 0.803795 0.000110425 3.956932592 3.682634856 
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2013 TKW 17 21887 3368791 1 2 0.256356 -3.10785 0.803795 0.000110425 3.956932592 3.682634856 
2013 TKW 17 21915 4332113 1 2 0.256356 -3.10785 0.803795 0.000110425 3.956932592 3.682634856 
2013 TKW 17 21895 5514326 1 2 0.256356 -3.10785 0.803795 0.000110425 3.956932592 3.682634856 
2013 TKW 17 21910 11030034 1 2 0.256356 -3.10785 0.803795 0.000110425 3.956932592 3.682634856 
2015 Grain Test Weight 18 25467 385878 2 1 0.0808081 -0.324231 0.0971756 0.000848255 3.071473572 0.015617091 
2013 NDVI Booting 18 25501 19049829 1 2 0.0402542 0.00307791 0.000738748 3.09E-05 4.509380042 7.31997E-07 
2013 NDVI Booting 18 25471 933177 1 2 0.451271 -0.00311518 0.00085646 0.000275538 3.559818498 4.80609E-06 
2015 TKW 18 25572 469085 1 2 0.30303 2.01803 0.499261 5.29908E-05 4.275799524 1.720223763 
2014 TKW 18 25572 469085 1 2 0.301508 1.66035 0.440782 0.000165339 3.781624693 1.161153311 
2014 CCI Heading 19 30854 2073400 2 1 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 19 30856 2925858 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 19 30857 2926572 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 19 30862 3720353 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 19 30853 1970840 1 2 0.261307 1.01984 0.305926 0.000857272 3.066881361 0.401521779 
2013 Grain Moisture 19 30712 2423913 2 1 0.0254237 0.0134263 0.00335848 0.000063955 4.194125497 8.933E-06 
2013 Grain Protein 19 30685 328388 2 1 0.15678 1.1537 0.299588 0.000117663 3.929360083 0.351922748 
2014 Grain Protein 19 30713 2341223 1 2 0.19598 0.14599 0.0447872 0.00111554 2.952514853 0.006716682 
2013 Grain Test weight 19 30626 12196035 2 1 0.237288 -0.726545 0.220481 0.000983251 3.007335603 0.191069509 
2013 Heading days 19 30774 126483 2 1 0.158898 -2.93109 0.84516 0.000524167 3.280530324 2.29644157 
2013 Heading days 19 30685 328388 2 1 0.15678 -3.40369 0.982778 0.000533517 3.272851738 3.063102657 
2013 NDVI Booting 19 30683 1071519 1 2 0.163136 -0.00583923 0.00178777 0.00108997 2.962585455 9.30992E-06 
2014 CCI Heading 20 35614 9076837 1 2 0.0502513 1.59191 0.468976 0.000687691 3.162606659 0.241892847 
2014 CCI Heading 20 35689 4368435 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2014 CCI Heading 20 35690 4368926 1 2 0.256281 1.17899 0.354476 0.000881023 3.055012754 0.529877557 
2013 Grain Moisture 20 35701 372832 2 1 0.322034 0.0206877 0.00391775 1.28822E-07 6.890009963 0.000186881 
2013 Grain Moisture 20 35587 3409544 2 1 0.0360169 0.0129822 0.00281929 4.12955E-06 5.384097271 1.17031E-05 
2014 Grain Protein 20 35654 2515153 1 2 0.236181 0.189558 0.0562285 0.000748399 3.125866801 0.012964317 
2014 Grain Protein 20 35520 19348 2 1 0.462312 0.147295 0.0415546 0.000393189 3.405398641 0.010786276 
2013 Grain Protein 20 35625 729625 2 1 0.491525 -0.555107 0.154183 0.000317836 3.497796914 0.154027625 
2013 Grain Protein 20 35626 729625 2 1 0.491525 -0.555107 0.154183 0.000317836 3.497796914 0.154027625 
2013 Heading days 20 35625 729625 2 1 0.491525 1.75103 0.513746 0.000653541 3.184727162 1.53261258 
2013 Heading days 20 35626 729625 2 1 0.491525 1.75103 0.513746 0.000653541 3.184727162 1.53261258 
2015 Heading days 20 35645 110192 1 2 0.030303 1.17523 0.33581 0.000465808 3.331793057 0.081170349 
2015 Screening 20 35645 110192 1 2 0.030303 0.806856 0.179009 6.56406E-06 5.182827458 0.038259892 
2013 Screening 20 35618 567113 1 2 0.264831 0.71651 0.211555 0.000706953 3.150609458 0.199908156 
2015 Screening 20 35587 3409544 2 1 0.0555556 0.531727 0.129124 3.82269E-05 4.41763092 0.029669598 
2013 TKW 20 35874 200403 1 2 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 20 35876 300720 1 2 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 20 35877 301399 1 2 0.233051 3.9479 1.06733 0.000216576 3.664389672 5.571597553 
2013 TKW 20 35618 567113 1 2 0.264831 2.63277 0.614166 1.81314E-05 4.741568661 2.699055675 
2013 TKW 20 35621 6248593 1 2 0.0466102 1.51438 0.451572 0.000797779 3.0981174 0.203822064 
2013 TKW 20 35556 343068 2 1 0.186441 -1.70946 0.483086 0.000402226 3.39552986 0.886499223 
2014 CCI anthesis 21 41157 8746982 2 1 0.0904523 -0.576056 0.159663 0.000308611 3.510588598 0.054601491 
2013 Grain Protein 21 41329 317408 2 1 0.211864 0.760029 0.219008 0.00051982 3.284147015 0.192907297 
2014 Grain Protein 21 41157 8746982 2 1 0.0904523 -0.130007 0.0398791 0.00111395 2.953134302 0.002781049 
2014 Grain Protein 21 41061 418498 2 1 0.326633 -0.328747 0.0979422 0.000789253 3.102783759 0.04754069 
2013 Grain Test weight 21 41131 3662305 1 2 0.065678 0.978271 0.260533 0.000173423 3.760893305 0.117453199 
2015 Grain Test Weight 21 41396 355199 2 1 0.0454545 0.494053 0.126727 9.67678E-05 4.014269132 0.021181202 
2013 NDVI Booting 21 41103 1764980 2 1 0.059322 -0.00725058 0.00214855 0.000739124 3.131282696 5.86722E-06 
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2014 NDVI Heading days 21 41061 418498 2 1 0.326633 1.72421 0.527988 0.00109224 2.961681923 1.307742396 
2013 Plant Height 21 41144 9486938 1 2 0.430085 1.43907 0.379939 0.000152087 3.817907907 1.01521545 
2013 Plant Height 21 41137 3160216 2 1 0.425847 1.13506 0.342208 0.000910333 3.040799714 0.630012062 
2015 Screening 21 41459 1591556 1 2 0.328283 0.451818 0.119664 0.000159552 3.797097748 0.09003094 
2013 Screening 21 40952 369340 2 1 0.463983 0.375182 0.110682 0.0006996 3.155150199 0.070015568 
2013 TKW 21 41106 250963 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41330 969553 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41332 1521411 2 1 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41168 5621506 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41123 7280535 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41084 11567968 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41170 21000494 1 2 0.0508475 5.12966 1.39978 0.0002477 3.606073993 2.539877423 
2013 TKW 21 41365 2251155 1 2 0.0550847 3.41213 0.69435 8.91709E-07 6.04977685 1.212006653 
Note: Chr, chromosomes; bp, base pairs; freq, frequency; b, gene effects; se, standard error; p, P value; MP, manhattan scored (-logP); % variation, locus explained variation 
on specific trait; TKW, thousand kernel weight; TW, test weight; CTGF, canopy temperature at grain  filling; NDVIGF, normalized difference vegetation index at grain 
filling.  
 
 
Figure 1: Manhattan plot of the genome-wide P values of association in grain yield in 2013 trial 
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Figure 2: Manhattan plot of the genome-wide P values of association in canopy 
temperature at booting stage in 2013 trial 
 
 
Figure 3: Manhattan plot of the genome-wide P values of association in canopy 
temperature at flowering stage in 2013 trial 
 416 
 
 
Figure 4: Manhattan plot of the genome-wide P values of association in canopy 
temperature at grain filling in 2013 trial 
  
 
Figure 5: Manhattan plot of the genome-wide P values of association in ground cover 
rate in 2013 trial 
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Figure 6: Manhattan plot of the genome-wide P values of association in heading days in 
2013 trial 
 
 
Figure 7: Manhattan plot of the genome-wide P values of association in normalized 
difference vegetation index at booting in 2013 trial 
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Figure 8: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at flowering in 2013 trial 
 
 
Figure 9: Manhattan plot of the genome-wide P values of association in normalized 
difference vegetation index at grain filling in 2013 trial 
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Figure 10: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at heading in 2013 trial 
 
 
Figure 11: Manhattan plot of the genome-wide P values of association plant height in 
2013 trial 
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Figure 12: Manhattan plot of the genome-wide P values of association thousand kernel 
weight (TKW) in 2013 trial 
 
 
Figure 13 Manhattan plot of the genome-wide P values of association screening in 2013 
trial 
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Figure 14: Manhattan plot of the genome-wide P values of association grain protein 
content (GPC) in 2013 trial 
 
 
Figure 15: Manhattan plot of the genome-wide P values of grain moisture (GM) in 2013 
trial 
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Figure 16: Manhattan plot of the genome-wide P values of association grain test weight 
(GTW) in 2013 trial 
 
 
Figure 17: Manhattan plot of the genome-wide P values of association grain yield in 
2014 trial 
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Figure 18: Manhattan plot of the genome-wide P values of association WUEGrain (Grain 
water use efficiency) in 2014 trial 
 
 
Figure 19: Manhattan plot of the genome-wide P values of association thousand kernel 
weight (TKW) in 2014 trial 
 
 424 
 
 
Figure 20: Manhattan plot of the genome-wide P values of association heading days in 
2014 trial 
 
 
Figure 21: Manhattan plot of the genome-wide P values of association chlorophyll 
content index at anthesis in 2014 trial 
 
 425 
 
 
Figure 22: Manhattan plot of the genome-wide P values of association chlorophyll 
content index at heading in 2014 trial 
 
 
Figure 23: Manhattan plot of the genome-wide P values of association canopy 
temperature at heading in 2014 trial 
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Figure 24: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at heading in 2014 trial 
 
 
Figure 25: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at grain filling in 2014 trial 
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Figure 26: Manhattan plot of the genome-wide P values of association grain protein 
content (GPC) in 2014 trial 
 
 
Figure 27: Manhattan plot of the genome-wide P values of association grain moisture 
(GM) in 2014 trial 
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Figure 28: Manhattan plot of the genome-wide P values of association grain yield in 
2015 trial 
 
Figure 29: Manhattan plot of the genome-wide P values of association WUEGrain (grain 
water use efficiency) in 2015 trial 
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Figure 30: Manhattan plot of the genome-wide P values of association thousand kernel 
weight (TKW) in 2015 trial 
 
 
Figure 31: Manhattan plot of the genome-wide P values of association chlorophyll 
content index at milky stage in 2015 trial 
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Figure 32: Manhattan plot of the genome-wide P values of association screening in 
2015 trial 
 
 
Figure 33: Manhattan plot of the genome-wide P values of association heading days in 
2015 trial 
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Figure 34: Manhattan plot of the genome-wide P values of association plant height in 
2015 trial 
 
 
Figure 35: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at tillering in 2015 trial 
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Figure 36: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at elongation in 2015 trial 
 
 
Figure 37: Manhattan plot of the genome-wide P values of association normalized 
difference vegetation index at heading in 2015 trial 
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Figure 38: Manhattan plot of the genome-wide P values of association grain protein 
content (GPC) in 2015 trial 
 
 
Figure 39: Manhattan plot of the genome-wide P values of association grain test weight 
(GTW) in 2015 trial 
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Figure 40: Manhattan plot of the genome-wide P values of association grain moisture in 
2015 trial 
 
 
 
 
